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(54) Preparation process of poly hydroxy carboxylic acid 

(57) The invention relates to a process for preparing 
a polyhydroxycarboxylic acid comprising conducting the 
dehydration polycondensation of a hydroxycarboxylic 
acid or an oligomer of the same in a reaction mixture con- 
taining said hydroxycarboxylic acid or the oligomer 
thereof and an organic solvent substantially in the 
absence of water to produce a polyhydroxycarboxylic 
acid having a weight average molecular weight of 50,000 
or more, successively mixing and reacting the reaction 
mixture containing said polyhydroxycarboxylic acid with 
at least one linking reagent selected from the group con- 
sisting of (1) polyisocyanate compounds, (2) polybasic 
acid anhydrides, (3) cyclic imino esters. (4) cyclic imino 
ethers, (5) aromatic hydroxycarboxylic acids, (6) 
polyamino compounds, (7) polyhydric alcohols, (8) 
epoxy compounds, (9) polyfunctional aziridine com- 
pounds, (10) lactames, (11) lactones, and (12) diethyl- 
erie glycol bischloroformates to obtain a 
polyhydroxycarboxylic acid having a weight average 
molecular weight of 100,000 or more. The polyhydroxy- 
carboxylic acid obtained by the process of the invention 
has a weight average molecular weight of 100,000 or 
more and satisfactory mechanical strength in the form of 
molded articles and is useful as a degradable polymer 
for substituting medical materials and general purpose 
resins. 
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Description 

Background o f the Invention 

1) Field of the Invention ' 

The present invention relates to a preparation proc- 
ess for high molecular weight polyhydroxycarboxylic acid 
which has sufficient mechanical strength as a molded 
article and is useful as a degradable polymer for substi- 
tuting medical materials and general purpose resins. 

2) Description of Related Art 

Polyhydroxycarboxylic acid is excellent in mechani- 
cal, physical and chemical properties and additionally 
has a degradable function which can be degraded under 
natural environment without giving a harmful effect on 
living organisms and is finally decomposed by microor- 
ganism into carbon dioxide and water. Thus, polyhydrox- 
ycarboxylic acid plastics have recently been practically 
focused attention in various fields such as medical mate- 
rials and alternatives for general purpose resins. Partic- 
ularly, environmental issues are now closed-up and thus 
such plastics can conform to the needs of the era. 

It has been generally known that for example, in the 
case of lactic acid or glycolic acid, a high molecular 
weight polymer can be obtained by subjecting the 
hydroxycarboxylic acid to dehydration dimerization and 
successively by carrying out ring-opening melt polymer- 
isation of the resulting dimer ih the presence of a catalyst 
(for example, Sn-base catalyst). In the process, however, 
reaction procedures are complex and the polymer 
obtained becomes expensive. Additionally, the prepara- 
tion process is melt polymerization and the polymeriza- 
tion product is pelletized as intact. As a result, the shape 
of the polymer thus obtained is restricted to pellets. Fur- 
ther, the process cannot be applied to some kinds of 
hydroxycarboxylic acid which do not form the cyclic 
dimer. 

On the other hand, several processes have been dis- 
closed for preparing polyhydroxycarboxylic acid by direct 
dehydration polycondensation of hydroxycarboxylic acid 
and its oligomer (hereinafter referred to as a direct dehy- 
dration polycondensation process (Japanese Laid-Open 
Patent Sho 56-45920, 61-28521 and 62-64823). How- 
ever, polymers obtained by these processes have the 
highest weight average molecular weight of about 
35,000, are insufficient in mechanical properties and 
thus cannot be applied to some uses and objects. 

USP 5,310,865 has disclosed a direct dehydration 
polycondensation process for preparing polyhydroxycar- 
boxylic acid by azeotropic dehydration of polyhydroxy- 
carboxylic acid or its oligomer in the presence of a 
catalyst in an organic solvent, while treating the distilled 
solvent with a drying agent and returning again the 
treated solvent to the reaction system. Japanese Laid- 
Open Patent Hei 6-1 72502 has also disclosed a process 
for preparing polyhydroxycarboxylic acid by direct dehy- 



dration polycondensation using an aromatic ether-base 
solvent. However, in order to prepare polyhydroxycar- 
boxylic acid having an weight average molecular weight 
of 100,000 or more by way of these direct dehydration 
polycondensation processes, a long reaction time of 30 
to 50 hours is required depending upon the kind of 
hydroxycarboxylic acid. Thus, the reaction rate is very 
slow and disadvantageous in industry. 

In order to obtain high molecular polyhydroxycar- 
'o boxylic acid within a short time, it has been disclosed 
several processes for extending the molecular chain by 
reacting with a binder in the stage of increasing the 
molecular weight to some extent. 

For example, Japanese Laid-Open Patent Sho 62- 
is 230220 has disclosed a process for activating the molec- 
ular chain end by reacting polylactide or polyglycolide 
with thionyl chloride or acid chloride in a solvent, succes- 
sively removing the solvent and carrying out melt poly- 
condensation. The process, however, has many steps 
20 and additionally requires a long reaction time. Conse- 
quently, the process is unfavorable in industry. 

Japanese Laid-Open Patent Hei 1-156319 has 
described a process for increasing the molecular weight 
by reacting glycol with polylactide or polyglycolide. How- 
25 ever, the process requires to carry out the polyconden- 
sation reaction at high temperature under reduced 
pressure. In such a condition, however, the polymer 
leads to considerable heat decomposition although no 
description is found. Thus, the process has a disadvan- 
30 tage of generating a cyclic dimer. 

USP 5,302,694 has taught to react polylactic acid 
with carbodiimide, phosgene, sulfonyl compound or car- 
bonate ester compound. However, the molecular weight 
of polylactic acid cannot be increased by merely adding 
35 these binders. In order to actually obtain the polymer of 
a satisfactory molecular weight, addition of amine is 
required. As a result, the reaction becomes complex and 
additionally excess labor is needed for removing amine 
after finishing the reaction. Reaction conditions with 
40 polylactic acid are extremely restricted and unsuitable in 
industry. 

In the process of Japanese Laid-Open Patent Hei 5- 
1 49352, polyhydroxycarboxylic acid which is obtained by 
the direct dehydration polycondensation process in the 

45 absence of a catalyst and solvent is reacted with isocy- 
anate. However, the direct dehydration process without 
the catalyst and solvent has a very slow reaction rate and 
requires a long reaction time. Additionally, the process 
provides an weight average molecular weight of at most, 

so about 30,000 and is difficult to sufficiently increase the 
molecular weight even though a binder is used. When 
the molecular weight is too low, the molecular weight 
cannot be increase in some cases even though diisocy- 
anate is used. 

55 When isocyanate is used in the stage of a low molec- 
ular weight, the resulting polymer contains much propor- 
tion of the isocyanate ingredient which remains as an 
undegradable portion. As a result, much amount of the 
binder ingredient is released into the natural environ- 
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ment after degradation of the polymer and causes envi- 
ronmental issue. 

As mentioned above, both merits and drawbacks are 
present in any of the conventional polyhydroxycarboxylic 
acid preparation processes including those using the s 
binder. In order to steadily exhibit sufficient mechanical 
properties generally in the uses for films and molded arti- 
cles, polyhydroxycarboxylic acid has a molecular weight 
of desirably 100,000 or more, 150,000 or more for spe- 
cific used. It has not yet been found a preparation proc- 10 
ess which can provided a high molecular weight 
polyhydroxycarboxylic acid having sufficient mechanical 
properties for molded product and a low content of binder 
ingredients, within a short time and suitably in industry. 

The object of the invention is to provide a process is 
which can prepare high molecular weight polyhydroxy- 
carboxylic acid having sufficient mechanical properties, 
efficiently in industry, with ease, cheaply and steadily 
without leading to decomposition and other side reac- 
tions in the course of manufacture. 20 

Another object of the invention is to improve the 
properties of the polymer by introducing other structure 
elements into a polyhydroxycarboxylic acid and control- 
ling the structural composition. 

In practice, the object is to obtain an amorphous pol- 25 
ymer by eliminating the crystallinity of the polymer, and 
to improve the mechanical properties and heat resist- 
ance of the polymer. 

Summary of the Invention 30 

As a result of an intensive investigation on the prep- 
aration process which can prepare high molecular 
weight polyhydroxycarboxylic acid in industry, within a 
short time, efficiently, with ease and also cheaply, the 35 
present inventors have found that high molecular weight 
polyhydroxycarboxylic acid can be obtained within a 
short time by subjecting hydroxycarboxylic acid to direct 
dehydration polycondensation using an organic solvent 
in the course of preparing polyhydroxycarboxylic acid 40 
and by adding and reacting a linking reagent with the 
resulting organic solvent solution of polyhydroxycarbox- 
ylic acid having a molecular weight which is increased to 
a certain extent by the direct dehydration polycondensa- 
tion using the organic solvent. Thus, the present inven- 45 
tion has been completed. 

That is, the aspect of the invention is a process for the 
preparation of polyhydroxycarboxylic acid comprising 
conducting dehydration polycondensation of a hydroxy- 
carboxylic acid or an oligomer of the same in a reaction so 
mixture containing said hydroxycarboxylic acid or the oli- 
gomer of the same and an organic solvent substantially 
in the absence of water to give polyhydroxycarboxylic 
acid having an weight average molecular weight of 
50,000 or more, successively mixing the reaction mixture ss 
containing said polyhydroxycarboxylic acid with a linking 
reagent or a mixture of linking reagents selected from 
the group consisting of (1 ) polyisocyanate compound, (2) 
polybasic acid anhydride, (3) cyclic imino ester, (4) cyclic 



imino ether, (5) aromatic hydroxycarboxylic acid, (6) 
polyamino compound, (7) polyhydric alcohol, (8) epoxy 
compound, (9) polyfunction^ aziridine compound, (10) 
lactam, (1 1) lactone and (12) diethylene glycol bischlo- 
roformate, and reacting to obtain polyhydroxycarboxylic 
acid having an weight average molecular weight of 
100,000 or more. 

The invention is characterized in that the molecular 
weight of polyhydroxycarboxylic acid can be rapidly 
increased within a short time by addition of a linking rea- 
gent in the reaction for preparing polyhydroxycarboxylic 
acid. 

The invention is further characterized in preparing 
polyhydroxycarboxylic acid having a weight average 
molecular weight of 50,000 or more by the direct dehy- 
dration polycondensation process in an organic solvent 
before adding the binder. By the process, the molecular 
weight can be controlled at a high level when the linking 
reagent is added. Consequently, polyhydroxycarboxylic 
acid obtained by reacting with the linking reagent has a 
high molecular weight and additionally the content of the 
linking reagent in polyhydroxycarboxylic acid can be con- 
trolled to a low level. 

Detailed Description of the Invention 

The present invention will hereinafter be illustrated 
in detail. 

Hydroxycarboxylic acids which can be used as the 
raw material in the invention include, for example, gly- 
colic acid, lactic acid. 2-hydroxybutanoic acid, 2-hydrox- 
ypentanoic acid, 2-hydroxyhexanoic acid, 2- 
hydroxyheptanoic acid, 2-hydroxyoctanoic acid, 2- 
hydroxy-2-methylpropanoic acid, 2-hydroxy-2-methylbu- 
tanoic acid, 2-hydroxy-2-ethyibutanoic acid, 2-hydroxy- 
2-methylpentanoic acid , 2-hydroxy-2-ethyipentanoic 
acid, 2-hydroxy-2-propylpentanoic acid, 2-hydroxy-2- 
butylpentanoic acid, 2-hydroxy-2-methylhexanoic acid, 
2-hydroxy-2-ethylhexanoic acid, 2-hydroxy-2-propylhex- 
anoic acid, 2-hydroxy-2-butyihexanoic acid, 2-hydroxy- 

2- pentylhexanoic acid, 2-hydroxy-2-methylheptanoic 
acid, 2-hydroxy-2-ethylheptanoic acid, 2-hydroxy-2-pro- 
pylheptanoic acid, 2-hydroxy-2-butylheptanoic acid, 2- 
hydroxy-2-pentylheptanoic acid, 2-hydroxy-2-hexylhep- 
tanoic acid, 2-hydroxy-2-methyloctanoic acid, 2- 
hydroxy-2-ethyloctanoic acid, 2-hydroxy-2-propylocta- 
noic acid, 2-hydroxy-2-butyloctanoic acid, 2-hydroxy-2- 
pentyloctanoic acid, 2-hydroxy-2-hexyloctanoic acid, 2- 
hydroxy-2-heptyloctanoic acid, 3-hydroxypropanoic 
acid, 3-hydroxybutanoic acid, 3-hydroxypentanoic acid. 

3- hydroxyhexanoic acid, 3rhydroxyheptanoic acid, 3- 
hydroxyoctanoic acid, 3-hydroxy-3-methylbutanoic acid, 
3-hydroxy-3-methylpentanoic acid, 3-hydroxy-3-ethyl- 
pentanoic acid. 3-hydroxy-3-methylhexanoic acid. 3- 
hydroxy-3-ethylhexanoic acid. 3-hydroxy-3-propylhexa- 
noicacid, 3-hydroxy-3-methylheptanoic acid, 3-hydroxy- 
3-ethylheptanoic acid, 3-hydroxy-3-propylheptanoic 
acid, 3-hydroxy-3-butyiheptanoic acid, 3-hydroxy-3- 
methyloctanoic acid, 3-hydroxy-3-ethyloctanoic acid, 3- 
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hydroxy-3-propyloctanoic acid. 3-hydroxy-3-butylocta- 
noic acid, 3-hydroxy-3-pentyloctanoic acid, 4-hydroxyb- 
utanoic acid, 4-hydroxy-pentanoic acid. 4- 
hydroxyhexanoic acid, 4-hydroxyheptanoic acid, 4- 
hydroxyoctanoic acid. 4-hydroxy-4-methyl-pentanoic 5 
acid, 4-hydroxy-4-methylhexanoic acid. 4-hydroxy-4- 
ethylhexanoic acid. 4-hydroxy-4-methylheptanoic acid, 
4-hydroxy-4-ethylheptanoic acid, 4-hydroxy-4-propyl- 
heptanoic acid. 4-hydroxy-4-methyloctanoic acid, 4- 
hydroxy-4-ethyloctanoic acid, 4-hydroxy-4-propylocta- w 
noic acid, 4-hydroxy-4-buty1octanoic acid, 5-hydrox- 
ypentanoic acid, 5-hydroxyhexanoic acid. 5-hydroxy- 
heptanoic acid. 5-hydroxyoctanoic acid. 5-hydroxy-5- 
methylhexanoic acid, 5-hydroxy-5-methylheptanoic 
acid. 5-hydroxy-5-ethylheptanoic acid, 5-hydroxy-5- 75 
methyloctanoic acid, 5-hydroxy-5-ethyloctanoic acid. 5- 
hydroxy-5-propyloctanoic acid, 6-hydroxyhexanoic acid. 
6-hydroxyheptanoic acid, 6-hydroxyoctanoic acid, 6- 
hydroxy-6-methylheptanoic add. 6-hydroxy-6-methyl- 
octanoic acid, 6-hydroxy-6-ethyloctanoic acid , 7-hydrox- 2 o 
yheptanoic acid. 7-hydroxyoctanoic acid, 7-hydroxy-7- 
methyloctanoic acid, and 8-hydroxyoctanoic acid or a 
mixture of these acids. 

Some of these hydroxycarfooxylic acid have an opti- 
cally active carbon and exhibit morphology of D-, L- and 25 
D/L isomers. However, no particular restriction is 
imposed upon the morphology of polyhydroxycarboxylic 
acid in the invention. Further, polyhydroxycarboxylic acid 
can be a mixture. No particular limitation is put upon the 
composition of polyhydroxycarboxylic acid. so 

Polyhydroxycarboxylic acid having an weight aver- 
age molecular weight of 50,000 or more in the invention 
can be suitably prepared by the process according to 
USP 5.310,865. The reaction of polyhydroxycaboxylic 
acid with the linking reagent (or short "linker") in the ss 
invention is carried out in an organic solvent or a mixture 
of the organic solvent selected from the group compris- 
ing of a hydrocarbon type solvent, halogenated hydro- 
carbon type solvent, ether type solvent, ester type 
solvent, and ketone type solvent. 4i 

Specifically, hydrocarbon type organic solvents are 
aliphatic hydrocarbons and aromatic hydrocarbons. 
Exemplary aliphatic hydrocarbons include n-hexane, 
2,2-dirnethylbutane, 2.3-dimethylbutane, 2-methylpen- 
tane, 3-methylpentane, n-heptane, 2,2-dimethylpen- 45 
tane, 2,3-dimethylpentane, 2,4<Jimethylpentane. 3- 
ethylpentane, 2-methylhexane, 3-methylhexane, 2,2,3- 
trimethylbutane, n-octane, 2,2-dimethylhexane, 2,3- 
dimethylhexane, 2,4-dimethylhexane, 3,3-dimethylhex- 
ane, 3,4<limethylhexane, 3-ethylhexane, 3-ethyl-2- so 
methylpentane, 3-ethyl-3-methylpentane, 2-methylhep- 
tane. 3-methylheptane, 4-methylheptane, 2,2,3.3- 
tetramethylbutane. 2,2.3-trimethylpentane, 2,2,4-tri- 
methylpentane. 2.3,3-trimethylpentane, 2,3,4-trimethyl- 
pentane. n-nonane, 2,3-dimethylheptane, 2,4-dime- ss 
thylheptane. 2,5-dimethylheptane, 3.3-dimethylheptane. 
3,4-dimethyiheptane, 3,5-dimethylheptane, 4-ethylhep- 
tane, 2-methyloctane, 3-methyloctane, 4-methyloctane, 
2,2,4-trimethylhexane, 2,2,5-trimethylhexane, 2,3,5-tri- 



methylhexane, n-decane. 3,4-diethylhexane, 2,6- 
dimethyloctane. 3.3<iimethyloctane, 3,5-dimethyloc- 
tane, 4,4-dimethyloctane. 3-ethyl-3-methylheptane, 2- 
methylnonane, 3-methylnonane, 4-methylnonane, 5- 
methylnonane, n-undecane, n-dodecane, 2-methylun- 
decane, 3-methylundecane, 2,2,4,6,6-pentamethylhep- 
tane, n-tridecane, 4-methyldodecane, n-tetradecane, n- 
pentadecane, n-hexadecane, 2,2,4,4,6,8,8-heptameth- 
ylnonane, n-heptadecane. n-octadecane, n-nonade- 
cane, 2,6,1 0,1 4-tetramethylpentadecane, n-eicosane, 
n-heneicosane, n-docosane, n-tricosane, n-tetracosane. 
cyclohexane, dimethylbutene, ethylbutene, hexene, 
methylcyclopentane, methylpentene, cycloheptane, 
dimethylcyclopentane, dimethylpentene, ethylcyclopen- 
tane, ethylpentene, heptene, methylcyclohexane, meth- 
ylhexene, trimethylbutene, cyclooctane. dimethylcy- 
clohexane.dimethylhexene, ethylcyclohexane, ethylhex- 
ene, methylheptene, octene, propylcyclopentene, tri- 
methylpentene, diethylcyclopenta ne. dimethylheptene. 
ethylmethylcyclohexane. isopropylcydohexan e, n-pro- 
pylcyclohexane, methyloctene. nonene, trimethylcy- 
clohexa ne, trimethylhexene. butylcyclohexane, t- 
butylcyclohexane. decene. isobutylcyclohexane, isopro- 
pylmethylcyclohexane, methylnonene, pentylcyclopen- 
tane, amylcyclohexane, undecene, cyclododecane, 
dodecane, hexylcyclohexane, 2,2,4,6,6-pentamethyl- 
heptene, triisobutylene, heptylcydohexane, tridecene, 
tetradecene, octylcyclohexane, cyclopentadecane, pen- 
tadecene, nonylcyclohexane, decylcyclohexane, hexa- 
decene, tetraisobutyiene, heptadecene, undecylcyc- 
lohexane, octadecene, dodecylcyclohexane, nona- 
decene, tridecylcyclohexane, eicosene, docosene, tri- 
cosene. cyclohexene, dimethyibutadiene, hexadiene, 
methylcyclopentene, methylpentadiene, cydoheptene, 
ethylcyclopentene, heptadiene, methylcyclohexene. 
methylenecyclohexane, methylhexadiene, norbornane, 
cyclooctene, dimethylcyclohexadiene, methylheptadi- 
ene, octadiene, allylcyclohexane, hydrindane, methyl- 
octadiene, nonadiene, decadiene, decalin, undeca- 
diene. bycyclohexyl cyclododecene, dodecadiene and 
tetradecadiene. 

Exemplary aromatic hydrocarbons include o-xylene, 
m-xylene, p-xylene, naphthalene, 1 -methylnaphthalene, 
2-methylnaphthalene, 1-ethylnaphthalene, 2-ethylnaph- 
thalene, 1 ,2-dimethylnaphthaIene, 1 ,3-di methylnaphth- 
alene, 1,4-dimethylnaphthalene, 1 ,5-dimethylnaphtha- 
lene, 1 ,6-dimethylnaphthalene, 1 ,7-dimethylnaphtha- 
lene, 1 ,8-dimethylnaphthalene, 2, 3-di methylnaphth- 
alene, 2,6-dimethylnaphthalene, 2 ,7-di methylnaphtha- 
lene, 1,2-diethylnaphthalene, 1 ,3-diethylnaphthalene, 
1 ,4-diethylnaphthalene, 1 ,5-diethylnaphthalene, 1 ,6- 
diethylnaphthalene, 1 ,7-di ethyl naphthalene, 1 ,8-diethyl- 
naphthalene, 2,3-diethylnaphthalene, 2,6-diethylnaph- 
thalene, 2,7-diethylnaphthalene, 1 -methyl -2-ethylnaph- 
thalene. 1-methyl-3-ethylnaphthalene. 1-methyl-4-ethyl- 
naphthalene, l-methyl-5-ethylnaphthalene. 1-methyl-6 
ethylnaphthalene, 1 -methyl-7-ethylnaphthalene, 1 
methyl-8-ethylnaphthalene , 2-methyl- 1 -ethylnaphtha 
lene. 2-methyl-3-ethylnaphthalene, 2-methyl-4-ethyl 
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naphthalene, 2-methyl-5-ethylnaphthalene, 2-methyi-6- 
ethylnaphthalene, 2-methyl-7-ethylnaphthalene, 2- 
methyl-8-ethytnaphthalene, 1-methoxynaphthalene, 2- 
methoxynaphthalene, 1 -ethoxynaphthalene. 2-ethoxy- 
naphthalene, 1 -acetonaphthone, 2-acetonaphthone. 
1 ,4-dihydronaphthalene, 1 ,2,3,4-tetrahydronaphtha- 
lene, biphenyl, 2-methylbiphenyl, 3-methylbiphenyl, 4- 
methylbiphenyl, 2-ethylbiphenyl, 3-ethylbiphenyl, 4- 
ethylbiphenyl, 2,2* - dimethyfbiphenyl, 3.3'-dimethylbi- 
phenyl, 4,4-dimethylbiphenyl, 2,2-diethytbiphenyl, 3,3'- 
diethylbiphenyl, 4,4-diethylbiphenyl, 2-methoxybiphe- 
nyl, 3-me£hoxybiphenyl, 4-methoxybiphenyl, 2-ethoxybi- 
phenyl, 3-ethoxybiphenyl, 2,2'-dimethoxybiphenyt, 3,3'- 
dimethoxybiphenyl, 4,4'-dimethoxybipheny I. 

Halogenated hydrocarbon type organic solvents are 
halogenated aliphatic hydrocarbons and halogenated 
aromatic hydrocarbons. Exemplary halogenated 
aliphatic hydrocarbons include trichloromethane, tetra- 
chloromethane, 1,1-dichloroethane, 1 ,2-dichloroethane, 
1,1,1-trichloroethane, 1,1,2-trichloroethane, 1 , 1 , 1 -trichl- 
oroethylene, 1,1,1 ,2-tetrachloroethane, 1 , 1 ,2,2-tetra- 
chloroethane, 1 -chloropropane, 1 -chlorobutane, 1-chlo- 
ropentane, 1 -chlorohexane, 1-chlorooctane, 1-chloro- 
decane, 1 -chlorotetradexane. 1 ,3-dichloropropane, 1,4- 
dichlorobutane, 1 ,5-dichloropentane, 1 ,6-dichlorohex- 
ane. 1 ,8-dichlorooctane. 1.10-dichlorodecane. 1,2- 
dibromoethane. 1.1.1-tribromoethane, 1.1.2-tribromoe- 
thane, 1,1,2-tribromoethylene, 1,1,1 ,2-tetrabromoeth- 
ane, 1,1.2,2-tetrabromoethane, 1-bromopropane, 1-bro- 
mobutane, 1-bromopentane, 1-bromohexane, 1-bro- 
mooctane, 1-bromodecane, 1 ,3-dibrom9propane, 1,4- 
dibromobutane, 1 ,5-dibromopentane, 1 ,6-dibromohex- 
ane, 3-bromo-1-propene, 1-bromo-2-chloropropane, 1- 
bromo-2-chloroethane, 1 -bromo-5-chloropentane and 
hexachloroethane. 

Exemplary haloganated aromatic hydrocarbons 
include chlorobenzene, o-chlorotoluene, m-chlorotolu- 
ene, p-chlorotoluene, 2-chloroethylbenzene, o-chlo- 
roethylbenzene, o-dichlorobenzene, m-dichloroben- 
zene, p-dichlorobenzene, 2,3-dichlorotoluene, 2,4- 
dichlorotoluene, 2,5-dichlorotoluene, 2,6-dichlorotolu- 
ene. 3,4-dichlorotoluene, 1 ,2, 3-tri chlorobenzene, 1,2,4- 
trichlorobenzene, 1 ,3,5-trichlorobenzene, a.a.a-trichlo- 
robenzyl, a,2,4-trichlorobenzyl, a t 2,6-trichlorobenzyl, 
a,3,4-trichlorobenzyl, pentachlorobenzene. hexachlo- 
robenzene, bromobenzene, o-bromotoluene, m-bromo- 
toluene, p-bromotoluene, o-dibrombenzene, m- 
dibromobenzene, p-dibromobenzene, 2,3-dibromotolu- 
ene, 2,4-dibromotoluene, 2,5-dibromotoluene, 2,6- 
dibromotoluene, 3,4-dibromotoluene, 1 -bromoethylben- 
zene, 2-bromoethylbenzene, o-bromoethylbenzene, 
1 ,2,3-tribromobenzene. 1 ,2,4-tribromobenzene, 1.3,5- 
tribromobenzene, iodobenzene, iodobenzyl, o-iodotolu- 
ene, m-iodotoluene. p-iodotoluene. 1 -f luoronaphtha- 
lene, 2-fluoronaphthalene, 1-iodonaphthalene, 2- 
iodonaphthalene, 2-chlorobiphenyl, 3-chlorobiphenyl, 4- 
chlorobiphenyl, 2-bromobiphenyi, 3-bromobiphenyl, 4- 
bromobiphenyl, 2-fluorobiphenyl, 3-fluorobiphenyl, 4- 
fluorobiphenyl, 2-iodobiphenyl, 3-iodobiphenyl, and 4- 



iodobiphenyl. These solvents be used singly or as a mix- 
ture. Particularly, halogenated aromatic hydrocarbon 
solvents are preferred because polymerization rate is 
fast and higher molecular weight can be obtained. 

s Ether type orgnic solvents are aliphatic ether sol- 
vents, aromatic ether solvents and halogenated com- 
pounds of these solvents. Exemplary aliphatic ether 
solvents include, n-propyl ether, isopropyl ether, allyl 
ether, butyl ethyl ether, butyl vinyl ether, n-butyl ether, iso- 

w butyl ether, amyl ether, isoamyl ether, n-hexyl ether, n- 
heptyl ether, n-octyl ether, di(2-ethylhexyl) ether, 
monoglyme, diglyme, tetrahydrofuran, tetrahydropyran 
and dioxane. 

Exemplary aromatic ether solvents include, anisole 
15 ethoxybenzene, propoxybenzene, butoxybenzene, pen- 
toxybenzene, 2,4-dimethoxybenzene, 2-chloromethy- 
oxybenzene, 2-bromomethoxybenzene, 4-chlorometh- 
oxybenzene, 4-bromomethoxybenze ne, 2,4-dichlo- 
romethoxybenzene; diphenyl ether, 4,4'<limethyldiphe- 
20 nyl ether, 3,3'-dimethyldiphenyl ether, 3-methyldiphenyl 
ether and other alkyl substituted diphenyl ethers; 4,4'- 
dibromodiphenyl ether, 4,4 , -dichlorodiphenyl ether, 4- 
bromodiphenyl ether, 4-methyl-4-bromodiphenyl ether 
and other halogen substituted diphenyl ethers; 4-meth- 
25 oxydiphenyl ether, 4,4 -dimethyoxydiphenyl ether, 3,3'- 
dimethoxydiphenyl ether. 4-methyl-4'-methoxydiphenyl 
ether and other alkoxy substituted diphenylethers; and 
dibenzofuran, xanthane and other cyclic diphenyl ethers. 
Ester type organic solvents are aliphatic ester sol- 
30 vents and aromatic ester solvents. Exemplary aliphatic 
ester solvents include ethyl acetate, propyl actate, butyl 
acetate, amyl acetate, pentyl acetate, hexyl acetate, 
cyclohexyl acetate, 2-ethylbutyl acetate, 2-ethylhexyl 
acetate, methoxyhutyl acetate, methyl acetoacetate, 
35 ethyl acetoacetate, ethylene glycol diacetate, diethylene 
glycol monoethyl ether acetate, diethylene glycol 
monobutyl ether acetate, methyl monochloroacetate, 
methyl propionate, ethyl propionate, butyl propionate, 
ethyl butyrate, butyl butyrate, isobutyl isobutyrate, iso^ 
40 amyl butyrate, methyl caproate, ethyl caproate, methyl 
caprilate, ethyl caprilate, methyl caprate, ethyl caprate, 
ethyl isovalerate, methyl maleate, ethyl maleate, butyl 
maleate, butyl sabacate, butyl stearate, amyl stearate, 
methyl oleate, ethyl oleate, ethyl oxalate, butyl oxalate, 
45 ethyl carbonate, butyrolactone, ethyl acrylate and ethyl 
methacrylate. 

Exemplary aromatic ester solvents include methyl 
benzoate, ethyl benzoate, propyl bensoate, isoamyl ben- 
zoate, butyl benzoate, benzyl benzoate, dimethyl phtha- 
50 late, diethyl phthalate, benzyl acetate, and ethyl 
cinnamate. Aromatic ester solvents are particularly pre- 
ferred because polymerisation rate is fast and higher 
molecular weight can be obtained. 

Ketone type organic solvents are aliphatic ketone 
55 solvents and aromatic ketone solvents. Exemplary 
aliphatic ketone solvents include acetylacetone, methyl 
ethyl ketone, 3-pentanone, 4-methyl-2-pentanone, 
cyclopentanone, 2-cyclopentene-1 -one, cyclohex- 
anone, 1,2-cyclohexanedione, 1 ,3-cyclohexanedione . 
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1 ,4-cyclohexanedione, cycloheptanone, cydooctanone, 
4-methylcyclohexanone, 4-ethylcyclohexanone, 2-tert- 
butyicyclohexanone, 4-tert-butylcydohexanone, cyclo- 
hexenylcycl ohexanone, cycloundecanone, cydotride- 
canone, bensylacetone, 1 -phenyl-2-butanone, 2-meth- 
oxyphenylacetone, 3-methoxyphenylaceto ne, 4-meth- 
oxyphenylacetone and cydohexyl ketone. 

Exemplary aromatic ketone solvents include ace- 
tophenone, 2'-methylacetophenone, 3'-methylacetophe- 
none, ^-methylacetophenone, 4'-ethylacetophenone, 
4'-ethoxyacetophenone, 2 f ,4'-dimethylacetophenone, 
S^'-dimethylacetophenone, acetylacetophenone, pro- 
piophenone, 4*-methylpropiophenone, 4'-methoxypropi- 
ophenone, butyrophenone, isobutyrophenone, 4-butyl- 
acetophenone, cyclopentyl phenyl ketone, benzophe- 
none, anthraquinone and 4-naphthoquinone. 

These solvents are used in the range so as to obtain 
a polymer concentration of generally 3 to 90 % by weight, 
preferably 15 to 80 % by weight, more preferably 30 to 
70 % by weight When the polymer concentration 
exceeds 90 % by weight, the viscosity of the polymer 
solution becomes extremely high and handling such as 
transfer of the reaction mixture or operation such as stir- 
ring becomes difficult. On the other hand, the polymer 
concentration lower than 3 % by weight causes no prob- 
lem on the reaction and post treatment. However, volume 
efficiency is poor and disadvantageous in view of pro- 
ductivity. 

Preparation of polyhydroxycarboxylic add having an 
weight average molecular weight of 50,000 or more in 
the invention must be carried out under a water content 
of 50 ppm or less, preferably 20 ppm or less, more pref- 
erably 5 ppm in the reaction mixture. Accordingly, water 
generated by the dehydration polycondensation is dis- 
tilled together with the organic solvent out of the reaction 
system, and an organic solvent having a moisture con- 
tent of 50 ppm or less is simultaneously fed to the reac- 
tion system as an additional solvent while continuing the 
reaction. When the distilled organic solvent is used as 
the additional solvent, the distilled organic solvent 
passes through a dehydration device and a dried organic 
solvent can return again to the reaction system. 

In the dehydration device, the distilled solvent can 
be dried by use of a column packed with a dehydrating 
agent. Exemplary dehydrating agents include molecular 
sieves (3A, 4A, 5A etc.), silica gel and other inorganic 
drying agents; diphosphorus hydroxide, phosphorus 
pentoxide and other phosphorus compounds; calcium 
hydride, sodium hydride, lithium hydride, and other metal 
hydrides; sodium, lithium, potassium, calcium and other 
alkali metals and alkali earth metals; and ion exchange 
resins. In other methods which can be used, the water 
contained in the refluxing solvent is separated and 
removed by using a device having the ability of distillation 
and separation. Alternatively, refluxing distillate can once 
flow out of the reaction system and is successively dis- 
tilled and separated, and the dehydrated solvent can 
return to the reaction system. No restriction is imposed 



upon the method so long as the solvent returning to the 
reaction system is substantially free from the water. 

Catalysts are preferably used in order to cut the 
reaction time in the process of the invention. 
5 The catalysts which can be used are metals of the 
group I , II , III , IV and V in the periodic table and salts 
of these metals. Exemplary catalysts indude, for exam- 
ple, zinc, tin, aluminum, magnesium, and other metals; 
tin oxide, antimony oxide, zinc oxide, aluminum oxide, 
10 magnesium oxide, titanium oxide and other metal oxides; 
zinc chloride, stannous chloride, stannic bromide, anti- 
mony fluoride, magnesium chloride, aluminum chloride 
and other metal hatogenides; tin sulfate, zinc sulfate, alu- 
minum sulfate and other metal sulfates; tin hydroxide, 
15 zinc hydroxide and other metal hydroxides; magnesium 
carbonate, zinc carbonate, calcium carbonate and other 
metal carbonates; tin acetate, tin octoate, tin lactate, zinc 
acetate, aluminum acetate and other metal organic car- 
boxylates; and tin trifluoromethanesulfbnate, tin p-tolue- 
20 nesulfonate and other metal organic sulfonates. 

Other catalysts also indude dibutyltin oxide and 
other organometal oxides of the above metals; titanium 
isopropoxide and other alkoxides of the above metals; 
diethyl zinc and other metal alkyis of the above metals; 
25 and Dowex, Amberlite and other ion exchange resins. 
The amount of the catalyst is preferably 0.0001 to 10 % 
by weight for the above hydroxycarboxylic acid or the oli- 
gomer thereof. 

The direct dehydration polymerization can also be 
30 carried out in the presence of a coloration inhibitor in 
order to protect from coloration due to heat deterioration 
in the course of polymerization. Coloration inhibitors 
which can be preferably used include phosphoric acid, 
triphenyl phosphate, pyrophosphoric acid, phosphorous 
35 acid, triphenyl phosphite and other phosphorus com- 
pounds. The amount of these compounds is preferably 
0.01 to 5 % by weight, more preferably 0.5 to 2 % by 
weight for the polymer. The amount less than 0.01 % by 
weight decreases effect on inhibition of coloration. On 
40 the other hand, when the amount exceeds 5 % by weight, 
further effect on coloration inhibition cannot be expected 
and additionally increase in polymerisation degree 
becomes difficult in some cases. 

The direct dehydration polymerization can be car- 
45 ried out usually at the boiling point of the solvent under 
atmospheric or reduced pressure. The range of polym- 
erization temperature can be up to the reflux temperature 
of the solvent used and is preferably 50 to 220°C , more 
preferably 1 00 to 1 70°C . When the temperature is lower 
so than 50°C , the efficiency for removing generated water 
from the reaction system is reduced and thus reaction 
velocity decreases extremely. On the other hand, the 
temperature exceeding 220°C leads to deterioration of 
the polymer and thus results in coloration of the readion 
55 mixture and impairs quality of the product obtained. 

These processes can prepare polyhydroxycarboxy- 
lic acid having an weight average molecular weight of 
50,000 to 100,000 with ease in a short time. However, 
very long reaction time is required in order to obtain high 
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molecular weight polyhydroxycarboxylic acid having an 
weight average molecular weight of 100,000 or more 
when the dehydration polycondensation reaction is con- 
tinued as such. Consequently, below described binders 
are added at the time when the weight average molecular 5 
weight of polyhydroxycarboxylic acid exceeds 50,000. 
By the addition, polycondensation time is dramatically 
cut and new properties can be expected for the high 
molecular weight polyhydroxycarboxylic acid thus 
obtained depending upon the Kind and increased w 
amount of the linker. 

At the addition of the linker, polyhydroxycarboxylic 
acid has an weight average molecular weight in the 
range of 50,000 to 150,000, preferably 60,000 to 
140,000, more preferably 70,000 to 120,000, most pref- 15 
erably 80,000 to 1 00,000. 

When the linker is added to poly hydroxy caiboxylic 
acid having an weight average molecular weight of less 
than 50,000, molecular weight increase can be found a 
little unless the molecular weight is extremely low, for 20 
example, an weight average molecular weight of 20,000 
or less. However, in the case of increasing the molecular 
weight by addition of the linker to polyhydroxycarboxylic 
acid having a low molecular weight, greater numbers of 
molecular chain ends unfavorably require proportionally 25 
large amount of the linker. When a such amount of the 
linker is built in a skeleton of degradable polyhydroxycar- 
boxylic acid, much amount of an undecomposed portion 
remains after degradation of polyhydroxycarboxylic acid 
and leads to a disadvantage of releasing a much amount 30 
of the binder ingredient to the natural environment. It is 
a surprising fact that, when polyhydroxycarboxylic acid 
has an weight average molecular weight of 20,000 or 
less, the weight average molecular weight cannot be 
increased to 100,000 or more even though the amount 35 
of the binder is increased. 

The reason of the fact is assumed that many molec- 
ular chain ends which remain in the stage of a low molec- 
ular weight are liable to cause a dehydration 
polycondensation reaction and thus generated water 40 
probably reacts with a functional group of the linker or a 
side reaction occurs to form a functional group which 
does not contribute to the molecular chain extension of 
the polymer. Consequently, the weight average molecu- 
lar weight of the polymer before reacting with the linker 45 
must be 50,000 or more. 

On the other hand, the weight average molecular 
weight exceeding 150,000 reduces effect of the linker 
addition because of decrease in the reactive chain ends. 
Further, preparation of polyhydroxycarboxylic acid hav- sc 
ing a molecular weight exceeding 150,000 by direct 
dehydration polycondensation process requires time 
and labor. 

Polyisocyanate compounds which can be used as a 
linking agent in the invention include, for example, hex- 5i 
amethylene diisocyante, 2,4-tolylene diisocyanate, a 
mixture of 2,4- and 2,6-tolylene diisocyanate, 4,4'-diphe- 
nylmethane diisocyanate, xylene diisocyanate, isophor- 
one diisocyanate, trimethylene diisocyanate, tetra- 



methylene diisocyanate, pentamethylene diisocyanate, 

1.2- propylene diisocyanate, 2,3-butylene diisocyanate. 

1 .3- butylene diisocyanate. 2,4,4-trimethylhexameth 
ylene diisocyanate, dodecamethyiene diisocyanate, 2,6- 
diisocyanatomethyl caproate, 1,3-cydopentane diisocy- 
anate, 1,4-cyclohexane diisocyanate. 1,3-cyclohexane 
diisocyanate. 4,4' methylenebis(cyclohexyt isocyanate), 
methyl-2,4-cyclohexane diisocyante, methyl -2,6- 
cyclohexane diisocyanate, 1,4-bis(isocyanatomethyl)- 
cyclohexane, 1 ,3-bis(isocyanatomethyl) cyciohexane. 
dicyclohexyl-4,4-methane-diisocyanate, phenylene 
diisocyanate, 4,4'-diphenyl diisocyanate, 1,5-naphtha- 
lene diisocyanate, 3,3, 5-tri methyl- 1-isocyanate-3-isocy- 
anatomethylcy clohexane, di(2-isocyanatoethyl)bicy- 
clo[2,2,1]-hepto-5-ene-2,3-dicarboxylate, 4,4'-toluidine 
diisocyanate, dianisidine diisocyanate, 4,4'-diphe- 
nylether diisocyanate, c^oa'-diisocyanato-l ,4-diethy ben- 
zene, 1 ,3-tetramethyixylylene diisocyanate, 1,4-tetra- 
methylxylylene diisocyanate. hydrogenated diphenyl- 
methane diisocyanate, hydrogenated tolyiene diisocy- 
anate, and hydrogenated xylylene diisocyanate. . 
Isocyanate trimers such as biuret, isocyanurate and 
adduct can also be used. 

Polybasic acid anhydride which can be used for the 
linking agent in the invention include, for example, maleic 
anhydride, succinic anhydride, itaconic anhydride, glu- 
taric anhydride, adipic anhydride, phthalic anhydride, cit- 
raconic anhydride, trimellitic anhydride, pyromellitic 
anhydride, 2,3-benzophenonedicarboxylic anhydride, 
3,4-benzophenonedicarboxylic anhydride, 2,3-dicarbox- 
yphenyl-phenyl-ether anhydride, 3,4«dicarboxyphenyl- 
phenyl-ether anhydride, 3,4-biphenyldicarboxylic anhy- 
dride, 2,3-dicarboxyphenyl-phenyl-sulfonic anhydride, 
2,3-dicarboxyphenyl-phenyl-sulfide anhydride, 1 ,2- 
naphthalenedicarb oxyiic anhydride, 2,3-naphthalenedi- 
carboxylic anhydride, 1 ,8-naphthalenedicarboxylic 
anhydride, 2,3-anthracenedicarboxylic anhydride. 1.9- 
arrthracenedicarboxylic anhydride, ethylenetetracarbox- 
ylic dianhydride, cyclopentanetetracarboxyiic dianhy- 
dride, 3,3,4,4'-benzophenonetetracarboxylic dianhyd- 
ride, 2,2,3,3 , -benzophenonetetracarboxylic dianhy- 
dride, 3, 3', 4,4' biphenyftetracarboxylic dianhydride, 
2,2',3,3 , -biphenyltetracarb oxyiic dianhydride, 2,2- 
bis(3,4-dicarboxyphenyl)propane dianhydride, bis(3,4- 
dicarboxylicphenyl)ether dianhydride, bis(3,4-dicarboxy- 
phenyl)sulfonic dianhydride, 1,1-bis(2,3-dicarboxyphe- 
nyl)ethane dianhydride, bis(2,3-dicarboxyphenyl) meth- 
ane dianhydride, 1,1-bis(3,4-dicarboxyphenyl)methane 
dianhydride, bis(3,4-dicarboxyphenyl)m ethane dianhy- 
dride, 2,3,6,7-naphthalenetetracarboxylic dianhydride, 
1,4,5,8-naphthalenetetracarboxylic dianhydride, 1,2.5,- 
6-naphthalenetetracarboxylic dianhydride. 1,2,3,4-ben- 
zenetetracarboxylic dianhydride. 3,4,9, 10-perylenetet- 
racarbo xylic dianhydride. 2,3,6,7-anthracenetet- 
racarboxylic dianhydride. and 1,2,7,8-phenanthrenetet- 
racarboxylic dianhydride. 

Cyclic iminoester compound which can be used for 
a linker in the invention are oxazolone compound having 
a five membered iminoester ring and oxazinone com- 
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pounds or benzooxazinone compounds having a six 
membered iminoester ring. 

Oxazolone compounds include, for example, 2-oxa- 
zoline-5-one, 3-oxazoiine-5-one, 2-oxazoline-4-one, 3- 
oxazoline-2-one, 4-oxazoline-2-one, 4-methyl-2-oxazo- 
line-5-one, 2-methyl-3-oxazoline-5-one, 5-methyl-2-oxa- 
zoline-4-one, 5-methyl-3-oxazoline-2-one, 2,2'- 
bis[5(4H)-oxazolone], 2,2'-methyienebis[5(4H)-oxazol- 
one], 2,2 , -ethylenebis[5(4H)-oxazolone], 2,2'-tetrameth- 
ylenebis[5(4H)-oxazolone], 2,2'-hexamethylene- 
bis[5(4H)-oxazolone], 2,2'-decamethylenebis[5(4H) - 
oxazolone], 2 f 2'-p-phenylenbis[5(4H)-oxazolone], 2,2'- 
m-phenylenebis[5(4H)-oxazolone], 2,2'-naphthalene- 
bis[5(4H)-oxazolone], 2,2-diphenylenebis[5(4H)-oxa- 
zolone], 2,2'-(1 ,4-cyclohexylene)-bis[5(4H)-oxazolone], 
2,2'-bis(4-methyl-5(4H)-oxazolone], 2,2 , -methylene- 
bis[4-methyl-5(4H)-oxazolone], 2,2-ethylenebis[4-me- 
thyl-5(4H)-oxazolone], 2,2'-tetramethylenebis[4 -methyl- 
5(4H)-oxazolone], 2,2'-hexamethylenebis[4-methyl- 
5(4H)-oxazolone], 2,2'<iecamethylenebis[x-methyl- 
5(4H)-oxazolone], 2,2'-p-phenylenebis(4-methyl-5(4H)- 
oxazolone] , 2,2'-m-phenylenebis[4-methyi-5(4H)-oxazo- 
lone], 2,2'-naphthalenebis[4-methyl-5(4H)-oxazolone], 
2,2'diphenylenebis[4-methyl-5(4H)-oxazolone], 2,2'- 
(1 ,4-cyclohexylene)bis[4-methyl-5(4H)-oxazolone], 2,2'- 
bis[4,4-dimethyl-5(4H)-oxazolone], 2,2 , -methyleneb- 
is[4,4-dimethyl-5(4H)-oxazolone]. 2, 2'-ethylenebis[4,4- 
dimethyl-5(4H)-oxazolone], 2 t 2'-tetramethylenebis[4,4- 
dimethyl-5(4H)-oxazolone], 2,2* hexamethylenebis[4,4- 
dimethyl-5(4H)-oxazolone], £,2'-octamethylenebis[4,4- 
dimethyl-5(4H)-oxazolone], 2,2'-decamethylenebis[4,4- 
dimethyl-5(4H)-oxazolone], 2,2'-p-phenylenebis[4,4- 
dimethyl-5(4H)-oxazolone], 2,2'-m-phenylenebis[4,4- 
dimethyl-5(4H)-oxazolone], 2,2'-naphthalenebis[4,4- 
dimethyl-5(4H)-oxazolone], 2 t 2'-diphenylenebis[4,4- 
dimethyl-5(4H)-oxazolone], 2,2'-(1 ,4-cyclohexy- 

lene)bis[4,4-dimethyl-5(4H)-oxazolone, 2,2'-bis[4-iso- 
propyl-5(4H)-oxazolone], 2,2'-methylenebis[4-isopropyl- 
5(4H)-oxazolone], 2,2-ethylenebis[4-isopropyl-5(4H)- 
oxazolone], 2,2*-tetramethylenebis[4-isopropyf-5(4H)- 
oxazoione], 2,2'-hexamethylenebis[4-isopropyl-5(4H)- 
oxazolone] , 2,2'-p-phenylenebis[4-isopropyl-5(4H)-oxa- 
zolone], 2,2'-m-phenylenebis[4-isopropyl-5(4H)-oxa- 
zolone], 2,2'-naphthalenebis[4-isopropyl-5(4H)-oxaz- 
olone], 2,2'-bis[4-isobutyl-5(4H)-oxazolone], 2,2'-meth- 
ylenebis[4-isobutyl-5(4H)-oxazolone], 2,2'-ethylene- 
bis[4-isobutyl-5(4H)-oxazolone], 2,2'-tetramethylene- 
bis[4-isobutyl-5(4H)-oxazolone], 2,2*-hexamethy-lene- 
bis[4-isobutyl-5(4H) -oxazolone], 2,2'-p-phenylen-ebis[4- 
isobutyl-5(4H)-oxazoIone], 2,2'-m-phenylene-bis[4-iso- 
butyl-5(4H)-oxazolone] and 2,2'-naphthalenebis[4-iso- 
butyi-5(4H)-oxazolone]. 

2-oxazoline-5-one and 2 ,2'-bis[5(4H) -oxazolone] 
are particularly preferred in these cyclic imino ester com- 
pound. 

Exemplary oxazinone compounds include 2,2'- 
bis(3,1 -benzoxazine-4-one), 2,2'-methylenebis(3,1 -ben- 
zoxazine-4-one), 2,2'-ethylenebis(3, 1 -benzoxazine-4- 
one), 2,2'-tetramethylenebis (3,1-benzoxazine-4-one), 



2,2 , -hexamethylenebis(3,1-benzoxazine-4-one) l 2,2'- 
decamethylenebis(3, 1 -benzoxazine-4-one), 2,2'-p-phe- 
nylenebis(3,1 -benzoxazine-4-one), 2,2'-m-phenylene- 
bis(3, 1 -benzoxazine-4-one), 2,2'-naphthalenebis(3, 1 - 

5 benzoxazine-4-one), 2,2 , -(4,4*-diphenylene)bis(3, 1 - 
benzoxazine-4-one), 2,2'-bis(4,5-dihydro-1 ,3,6H- 
oxazine-6-one), 2,2-methylenebis(4,5-dihydro-1 ,3,6H- 
oxazine-6-one), 2,2'-ethylenebis(4 ( 5-dihydro-1 ,3,6H- 
oxazine-6-one), 2,2'-tetramethylenebis(4,5-dihydro- 

io 1,3,6H-oxazine-6-one), 2,2-p-phenylenebis(4,5-dihy- 
dro-1 ,3,6H-oxazine-6-one), 2,2'-m-phenyienebis(4,5- 
dihydro-1 ,3,6H-oxazine-6-one), 2,2'-bis(4-methyl-5- 
hydro-1 ,3,6H-oxazine-6-one), 2,2'-methylenebis(4-me- 
thyl-5-hydro-1 ,3,6H-oxazine-6-one), 2,2'-ethylene- 

15 bis(4-methyl-5-hydro-1 ,3,6H-oxazine-6-one), 2,2'-p- 
phenylenebis(4-methyl-5-hydro-1,3,6H-oxazine-6-one), 
2,2'-m-phenylenebis(4-methyl-5-hydro-1,3,6H-oxazine- 
6-one), 2,2'-p-phenylenebis(4-hydro-5-methyl-1,4,6H- 
oxazine-6-one), and 2,2-m-phenylenebis(4-hydro-5- 

20 methyl-1 ,3,6H-oxazine-6-one). 2,2'-bis(3,1-benzoxaz- 
ine-6-one) is most preferably in these compounds. 

Benzoxazinone compounds include, for example, 
2,8-dimethyl-4H,6H-benzo[1 ,2-d:5,4-d']-bis[[1 ,3]-oxa- 
zine-4,6-dione], 2,7-dimethyl-4H,9H-benzo[1,2-d:4,5- 

25 d>bis[[1 ,3]-oxazine-4,9-dione], 2,8-diphenyl-4H,8H- 
benzo[1 ,2-d:5,4-d>bis[[1 ,3]-oxazine-4,6-dione), 2,7- 
diphenyl-4H,9H-benzo[1 ,2-d:4.5-dl-bis[[1 ,3]-oxazine- 
4,6-dione], 6,6 ? -bis(2-methyl-4H,3,1 -benzoxazine-4- 
one), 6,6'-bis(2-ethyl-4H,3,1-benzoxazine-4-one), 6,6'- 

30 bis(2-phenyl-4H,3,1 -benzoxazine-4-one), 6,6'-methyi- 
ene-bis(2-methyl-4H,3, 1 -benzoxazine-4-one), 6,6' -met- 
hylenebis(2-phenyl-4H,3, 1 -benzoxazine-4-one), 6,6'- 
ethylenebis(2-methyl-4H,3,1 -benzpxazine-4-one), 6,6'- 
ethylenebis(2-phenyl-4H,3, 1 -benzoxazine-4-one), 6,6'- 

35 butylenebis(2-methyl«4H,3,1-benzoxazine-4-one), 6,6'- 
butylenebis(2-phenyl-4H,3,1 -benzoxazine-4-one), 6,6*- 
oxybis(2-methyl-4H,3,1 -benzoxazine-4-one), 6,6'oxy- 
bis(2-phenyl-4H,3,1 -benzoxazine-4-one), 6,6'-sulfonyl- 
bis(2-methyl-4H,3,1 -benzoxazine-4-one), 6,6-sulfon- 

40 ylbis(2-phenyl-4H,3,1-benzoxazine-4-one) l 6,6-carbon- 
ylbis(2-methyl-4H,3,l -benzoxazine-4-one), 6,6-carbon- 
ylbis(2-phenyl-4H,3, 1 -benzoxazine-4-one), 7,7 -methyl- 
ene-bis(2-methyl-4H,3 1 1 -benzoxazine-4-one), 7,7'-met- 
hylenebis(2-phenyl-4H,3, 1 -benzoxazine-4-one), 7,7- 

45 bis(2-methyl-4H,3,1-benzoxazine-4-one), 7,7'-ethyl- 
enebis(2-methyl-4H,3, 1 -benzoxazine-4-one), 7,7-oxy- 
bis(2-methyl-4H,3, 1 -benzoxazine-4-one), 7,7-sufon- 
ylbis(2-methyl-4H,3,1-benzoxazine-4-one) and 7,7'-car- 
bonylbis(2-methyl-4H l 3,1 -benzoxazine-4-one). Most 

so preferred compound is 2,8-dimethyl-4H,6H-benzo[1,2- 
d:5,4-d T ]-bis[[1,3]-oxazine-4,6-dione]. 

Cyclic iminoether compounds which can be used as 
a linker in the invention are oxazoline compounds having 
a five membered iminoether ring and oxazine compound 

55 having a six membered iminoether ring. 

Oxazoline compounds include, for example, 2-oxa- 
zoline, 4-methyl-2-oxazoline, 5-methyl-2-oxazoline. 4,5- 
dimethyl-2-oxazoline, 2,2'-bis(2-oxazoline), 2,2'-bis(4- 
methyl-2-oxazoline), 2,2 , -bis(4-ethyl-2-oxazoline), 2,2 f - 
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bis(4,4'<liethyl-2-axazoline), 2,2'-bis(4~propyl-2-oxazo- 
line), 2,2'-bis(4-butyl-2-oxazoline, 2,2 , -bis(4-hexyl-2- 
oxazoline), 2,2 , -bis(4-cyclohexyl-2-oxaizoline), 2,2- 
bis(4-phenyl-2-oxazoline), 2,2'-bis(4-benzyl-2-oxazo- 
line). 2,2 , -o-phenylenebis(2-oxazoline), 2,2-m-phe- 
nylenebis(2-oxazoline), 2,2*-p-phenylenebis(2-oxazo- 
line), 2,2'<>-phenylenebis(4-methyl-2-oxazoline), 2,2- 
m-phenylenebis(4-methyl-2-oxazoline), 2,2-p-phenyle- 
nebis(4-methyl-2-oxazoline), 2,2'-o-phenylenebis(4,4- 
dimethyl-2-oxasoline), 2,2'-m-phenylenebis(4,4'-dime- 
thyl-2-oxazoline), 2,2'-p-phenylenebis(4,4 , -dimethyl-2- 
oxazoline), 2,2'-ethylenebis(2-axazoline), 2,2'-tetrame- 
thylenebis(2-oxazoline), 2,2'-hexamethylenebis(2-oxa- 
zoline), 2,2'-octamethylenebis(2-oxazoline), 2,2 , -deca- 
methylenebis(2-oxazoline).2,2 , -ethyienebis(4-methyl-2- 
oxazoline), 2,2Metramethylenebis(4,4'-dimethyl-2-oxa- 
zoline), 2 t 2 , ,9,9-diphenoxyethanebis(4 l 4 , -di-methyl-2- 
oxazoline) and 2,2'-cyclohexylenebis(2-oxazoline). 2,2- 
bis(2-oxazoline) is most preferred in these oxazoline 
compounds. 

Oxazine compounds include, for example, 1,2- 
oxazine, 2, 2'-bis(5,6-dihydro-4H-1 ,3-oxazine), 2,2- 
methylenebis(5,6-dihydro-4H-1 ,3-oxazine), 2,2-ethyl- 
enebis(5,6-dihydro-4H-1,3-oxazine), 2,2'-propylene- 
bis(5,6-dihydro-4H-1 ,3-oxazine), 2,2'-butylenebis(5,6- 
dihydro-4H-1 ,3-oxazine), 2,2 , -hexamethylenebis(5 ,6- 
dihydro-4H-1 ,3-oxazine). 2,2'-p-phenylenebis(5,6-dihy- 
dro-4H-1 ,3-oxazine), 2,2'-m-phenylenebis(5,6-dihydro- 
4H-1 ,3-oxazine), 2,2'-naphthylenebis(5,6-dihydro-4H- 
1 ,3-oxazine) and p,p ,: <Siphenylenebis(5,6-dihydro-4H- 
1 ,3-oxazine. 2,2 , -bis(5,6-dihydro-4H-1 ,3-oxazine) is 
most preferred in these oxazine compounds. 

Exemplary aromatic hydroxycarboxylic acids which 
can be used as a linker in the invention include, o- 
hydroxybenzoic acid, m-hydroxybenzoic acid, p- 
hydroxybenzoic acid, 1 -carboxy-2-hydroxynaphthalene, 
1 -carboxy-3-hydroxynaphthalene, 1 -carboxy-4-hydroxy- 
naphthalene, 1-carboxy-5-hydroxynaphthalene, 1-car- 
boxy-6-hydroxynaphthalene, 1 -carboxy-7-hydroxyna- 
phthalene, 1 -carboxy-8-hydroxynaphthalene, 1 -hydr- 
oxy-2-carboxynaphthalene. 1 -hydroxy-3-carboxynaph- 
thalene, 1 -hydroxy-6-carboxynaphthalene, 1 -hydroxy-7- 
carboxynaphthalene, 2-carboxy-3-hydroxynaphthalene. 
2-carboxy-6-hydroxynaphthalene, 2-carboxy-7-hydroxy- 
naphthalene, S-carboxy-S'-hydroxybiphenyl, 3-carboxy- 
4'-hydroxybiphenyl, 3-hydroxy-4-carboxybiphenyl and 
4-carboxy-4'-hydroxybiphenyl. 

Polyamino compounds which can be used as a 
binder in the invention include, for example, 1 ,4-diami- 
nobenzene, 1 ,3-diaminobenzene, 1,2-diaminobenzene, 
2,3-diaminotoluene, 2,4-diaminotoluene, 2,5-diaminoto- 
luene, 2,6-diaminotoluene, 1 ,2-diaminoethane, 1 ,2- 
diaminopropane, 1 ,3-diaminopropane, 1,2-diaminobu- 
tane. 1 ,3-diaminobutane. 1 ,4-diaminobutane, 1,3-diam- 
ino-2-methylpropane, 4,4'-diaminobephenyl, 3.4 -diami- 
nobiphenyl, 3,3'<liaminobtphenyl, bis(3-aminoph- 
enoxy) methane, bis(4-aminophenoxy)methane, bis(3- 
aminophenoxy)ethane, bis(4-aminophenoxy)eth-ane, 
2,2-bis(3-aminophenoxy)propane, 2,2-bis(4-aminophe- 



noxy)propane, bis(3-aminophenoxy)ether, bis(4-ami- 
nophenoxy) ether, bis(3-aminophenoxy)ketone. bis(4- 
aminophenoxy)ketone, bis(3-aminophenoxy)sulfone, 
bis(4-aminophenoxy)sulfbne, bis(3-aminophenoxy)su- 
5 tfide. bis(4-aminophenoxy)suHide, bis(3-aminophe- 
noxy)sulfoxide, bis(4-arrdnophenoxy)sulfoxide, mela- 
mine, 1 ,2,3-triaminobenzene, 1 ,2,4-triaminobenzene, 
1 ,3,5-triaminobenzene, 1 ,2,3-triaminocyclohexa ne, 

1 .2.4- triaminocyclohexane, 1 ,3,5-triaminocyclohexane, 
to 1 ,2,3-triarninonaphthalene, 1 ,2,4-triaminonaphthalene, 

1 .2.5- triaminonaphthalene, 1 ,2,6-triaminonaphthalene, 
1 ,2,7-triarninonaphthalene, 1 ,2,8-triaminonaphthalene, 
1 ,3,5-triaminonaphthalene, 1 ,3,6-triaminonaphthalene, 
1 ,3,7-triaminonaphthalene, 1 ,3,8-triaminonaphthalene, 

15 1 ,4,5-triaminonaphthalene, 1 ,4,6-triaminonaphthalene, 

1 .4.7- triaminonaphthalerie, 1 ,6,7-triaminonaphthalene, 

1.6.8- triaminonaphthalene, 2,3,6-triaminonaphthalene, 
2,3,7-triaminonaphthalene, 3.3'-diaminobenzidine, 

1 .2.3.4- tetraaminobenzene, 1 ,2,3,5-tetraaminobenze- 
20 ne, 1 ,2,4,5-tetraaminobenzene, S.S'^.^-tetraaminophe- 

nyl ether. S.S'^^'-tetraaminophenyl sulfone and 
S^'^^-tetraaminophenyl ketone. 

Polyhydric alcohols which can be used as a linker in 
the invention include, for example, ethylene glycol, 1 ,3- 

25 propanediol, 1 ,2-propanediol, 1,4-butanediol, 1,3-buta- 
nediol, 1 ,2-butanediol. 1 ,2-butanediol, 1,2-pentanediol. 
1,3-pentanediol. 1,4-perrtanediol, 1,5-pentanediol. 2,3- 
pentanediol. 2,4-pentanediol. 1,6-hexanediol, 1,5-hex- 
anediol, 1,4-hexanediol. 1 ,3-hexanediol t 1,2-hexane- 

30 diol, 2,3-hexanediol, 2,4-hexanediol, 2 f 5-hexanediol, 
3,5-hexanediol, 1,10-decanediol, neopentyl glycol, 
2,2,4-trtmethyl-l ,3-pentanediol, 3-methy1-1 ,5-pentane- 
diol, 3,3-dimethyl-1,3-propanediol, 1 ,4-cyclohexaned- 
imethanol, 1 ,4-benzenedimethanol, polymethylene gly- 

35 col, polyethylene glycol, polyvinyl alcohol, polyhydroxye- 
thyl methacrylate, polyhydroxypropyl methacrylate, glyc- 
erol, trimethylolethane, trimethylolpropane, trimeth- 
ylolbutane, trimethylolpentane, pentaerythritol, sorbitol, 
castor oil, hydrogenated bisphenol-A, bisphenol dihy- 

40 droxypropyl ether, 1 ,3,5-(trihydroxymethyl)pentane, 

1.3.3.5- tetra(hydroxymethyl) pentane, 1 ,2,6-trihydroxy- 
hexane and 1,2,2,6-tetrahydroxyhexane. Other polyhy- 
dric alcohols include arabinose, ribose, deoxyribose, 
xylose, glucose, fructose, mannose, galactose and other 

45 saccharides; and olisaccharide, oligosaccharide and 
polysaccharide which are condensation products of 
these saccharides. When optical activity is present, any 
of D-, L-, and DL-isomer can be used. 

Exemplary epoxy compounds which can be used for 

so a linker in the invention include ethylene oxide, propylene 
oxide, butylene oxide, styrene oxide, butyl glycidyl ether, 
allylglycidyl ether, phenyl glycidyl ether, epichlorohydrin, 
cyclohexane vinyl monoxide, dipentene monoxide, cre- 
syl glycidyl ether, a-pinene oxide, glycidyl methacrylate. 

55 butadiene monoepoxide, 1 ,2-epoxy-7-octene, glycidyl 
acrylate, glycidyl undecylate methylvinylglycidylamine, 
vinyl-3,4-epoxycyclohexane , allyl-3,4-epoxycyclohex- 
ane, 3,4-epoxycyclohexyl acrylate, 2,3-epoxypropyiyl 4- 
vinylphenyl ether, 2,3-epoxycinnamyJ acrylate, 9,10- 
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epoxyoleyl acrylate, acrylate, 2,3-epoxybutyl methacr- 
ylate, methylglycidyl methacrylate, bisphenol-A glycidyl 
ether, etylene glycol diglycidyl ether, 1 ,4-butanediol dig- 
lycidyl ether, aryl glycidyl ether, 3,4-epoxycyclohexyl- 
methy 1 methacrylate, glycerol diglycidyl ether, ethylene 5 
glycol diglycidyl ether, propylene glycol diglycidyl ether, 
resorcinol diglycidyl ether, neopentyl glycol diglycidyl 
ether, 1,6-hexanediol diglycidyl ether, hydroquinone dig- 
lycidyl ether, bisphenol-S diglycidyl ether, diglycidyl adi- 
pate, diglycidyl o-phthalate, diglycidyl terephthalate, w 
sorbitol polyglycidyl ether, sorbitan polyglycidyl ether, 
polyglycerol polyglycidyl ether, pentaerythritol polyglyci- 
dyl ether, diglycerol polyglycidyl ether, trimethylolpro- 
pane polyglycidyl ether, polyethylene glycol diglycidyl 
ether, polypropylene glycol diglycidyl ether, and polyte- 15 
tramethylene glycol diglycidyl ether. 

Glycidyl acrylate and glycidyl methacrylate are most 
preferred in these epoxy compounds in view of handling 
with ease, low price, compatibility and low vapor pres- 
sure. 20 

Polyfunctional aziridine compounds which can be 
used as a linker in the invention include, for example, 2,2- 
bishydroxy methylbutanoltris[3-( 1 -aziridinyl)propionate] , 
ethyleneglycolbis[3-(1-aziridinyl)propionate],propinate], 
polyethyleneglyc olbis[3-(1-aziridinyl)propionate], pro- 25 
pyleneglycolbis[3-(1-aziridinyl)propionate], polypropyl- 
eneglycolbis[3(1 -aziridinyl) propionate], 
tetramethyleneglycolbis[3-(1 -aziridinyl) propionate] and 
polytetramethyleneglycolbis[3-(1 -aziridinyl) propionate. 

Lactam compounds whigh can be used as a linker 30 
in the invention include, for example, e-caprolactam, <o- 
laurolactam, 2-pyrrolidone, 2-piperidone, 2-azacyclobu- 
tanone, 2-azacycloctanone, 2-azacyclononanone, gly- 
cocyamidien, oxindol, isatin and N,N'- 
terephthalylbiscaprolactam. 35 

Lactone compounds which can be used as a linker 
in the invention include, for example, glycolide, lactide, 

1 .4- dioxanone, e-caprolactone, 1 ,5-dioxysepane-2-one, 
trimethylene carbonate, p-butylrolactone, p-propiolac- 
tone, 6-valerolactone, y-butyrolactone, enantholactone, 40 
caprololactone, p-methylpropiolactone, p-dimethylpropi- 
olacto ne, 5-caprylactone, ethylene oxalate, ethylene 
malonate, ethylene succinate, ethylene adipate, propyl- 
ene oxalate, propylene malonate, propylene succinate, 
propylene adipate, tetramethylene oxalate, tetramethyl- 45 
ene malonate, tetramethylene succinate, tetramethylene 
asipate, [o-a-D-glucopyranosyl-(1 — » 4)-4-D-glucono- 

1 .5- lactone and p-methyl-a-valerolactone. 

Another effective linker is diethylene glycol bischlo- 
roformate. sc 
The amount of the linker depends upon the kind and 
molecular weight of polyhydroxycarboxylic acid at the 
time of linker addition and kind of the linker. The amount 
is in the range of usually 0.0001 to 1 0 % by weight, pref- 
erably 0.00 1 to 8 % by weight, more preferably 0.01 to 5 si 
% by weight, most preferably 0.5 to 3 % by weight of pol- 
yhydroxycarboxylic acid. The amount of the tinker 
exceeding 10 % by weight decreases molecular weight 
on the contrary, or preferentially leads to mutual reaction 



of the linker and eliminates effect of linker addition. Fur- 
ther, much amount of the linker is liable to impair natural 
environment after degradation of polyhydroxycarboxylic 
acid. 

Water content of the reaction mixture at the time of 
linker addition must be 50 ppm or less, and is preferably 
20 ppm or less, most preferably 5 ppm or less. 

Accordingly, the dehydration polycondensation 
reaction is carried out while distilling the generated water 
together with the organic solvent out of the reaction sys- 
tem. An organic solvent containing 50 ppm or more of 
water leads to the reaction between moisture and the 
linker. 

The reaction temperature after addition of the linker 
depends upon the kind of the solvent and polyhydroxy- 
carboxylic acid , and is in the range of generally 50 to 
250°C , preferably 60 to 220°C , more preferably 80 to 
200°C , furthermore preferably 90 to 160°C , most pref- 
erably 100 to 140°C . The reaction temperature below 
50°C cannot promote the reaction sufficiently. On the 
other hand, the reaction temperature exceeding 250°C 
tends to cause discoloration or deterioration of polyhy- 
droxycarboxylic acid. The reaction after addition of the 
linker can be carried out under reduced pressure, atmos- 
pheric pressure, or increased pressure. The reaction is 
preferably carried out in an inert gas atmosphere so as 
to prevent water penetration from outside of the reaction 
system, and can also be earned out while ventilating or 
bubbling the inert gas. 

The reaction time after addition of the linker is pref- 
erably in the range of 0.1 to 5 hours. The reaction time 
less than 0.1 hour cannot expect satisfactory effect 
depending upon reaction conditions. On the other hand, 
the reaction time exceeding 5 hours suspends increase 
in the molecular weight of polyhydroxycarboxylic acid 
and thus further effect cannot be expected by extension 
of the reaction time. 

High molecular weight polyhydroxycarboxylic acid 
having an weight average molecular weight of 100,000 
or more can be prepared in a short time by the above 
process. Polyhydroxycarboxylic acid obtained by the 
process of the invention can be isolated and purified by 
known procedures, for example, cooling and crystalliza- 
tion in the solvent used for the polycondensation reac- 
tion, filtration, successive washing with methanol, and 
drying. 

Examples 

The present invention will hereinafter be illustrated 
by way of examples. However, the method and equip- 
ment described below are not construed to limit the 
scope of the invention. 

The molecular weight of the polymer in the invention 
was measured by GPC (gel permeation chromatogra- 
phy) using a polystyrene standard sample as a refer- 
ence. Conditions for GPC analysis were as follows: 

GPC: Shodex System 1 (manufactured by Showa 
Denko Co.) 
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Column: K-805x 2 K-800P (Precolumn) 

Column temperature: 40°C 

Solvent: chloroform 

Row rate: 1.0 ml/min 

Sample concentration: 3 mg/ml 

Amount of sample: 100 pJ 

Example 1 

After heating 75.0 g of 90 % L-lactic acid at 150°C 
with stirring for 3 hours under reduced pressure of 50 
mmHg while removing water out of the reaction system, 
325 g of o-dichlorobenzene and 0.4 g of tin powder was 
added. A tube packed with 75 g of molecular sieve 3 A 
was mounted on the reaction vessel so as to return the 
distilled solvent to the reaction system after passing 
through the molecular sieve. The reaction conditions 
were set at 140°C under reduced pressure of 250 mmHg 
and the reaction was carried out. 

After reacting for 1 2 hours, a sample was taken out 
and a molecular weight was measured to give an weight 
average molecular weight of 80,000. To the reaction 
mass, 0.75 g of xylene diisocyanate was added and the 
reaction was continued at 140°C in a nitrogen atmos- 
phere under atmospheric pressure. The viscosity of the 
reaction mass was rapidly increased and the reaction 
was finished after 2 hours from the addition of xylene 
diisocyanate. 

After finishing the reaction, reaction mass was dis- 
solved by adding 400 mi of chloroform and suction-fil- 
tered to remove tin powder. To the chloroform solution 
thus obtained 1,400 ml of methanol was added and the 
precipitated light yellow solid was filtered and dried. The 
polymer obtained had an weight average molecular 
weight of 200,000/ 

Example 2 

The same procedures as described, in Example 1 
were carried out except that o-dichlorobenzene was 
replaced by 325 g of n-xylene and the reaction immedi- 
ately before the addition of xylene diisocyanate was car- 
ried out at 140 °C in a nitrogen atmosphere. The weight 
average molecular weight was 70,000 immediately 
before the addition of xylene diisocyanate. The polymer 
isolated after reacting for 2 hours from the addition of 
xylene diisocyanate had an weight average molecular 
weight of 190,000. 

Example 3 

The same procedures as described in Example 1 
were carried out except that o-dichlorobenzene was 
replaced by 325 g of diphenyl ether and the reaction 
immediately before the addition of xylene diisocyanate 
was earned out at 130°C under reduced pressure of 15 
mmHg. The weight average molecular weight immedi- 
ately before the addition of xylene diisocyanate was 
89,000 and the polymer isolated after reacting for 2 hours 
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from the addition of xylene diisocyanate had an average 
molecular weight of 210,000. 

Example 4 

The same procedures as described in Example 1 
were carried out except that o-dichlorobenzene was 
replaced by 325 g of naphthalene and the reaction imme- 
diately before the addition of xylene diisocyanate was 
carried out at 130°C under reduced pressure of 50 
mmHg. The weight average molecular weight immedi- 
ately before the addition of xylene diisocyanate was 
65,000 and the polymer isolated after reacting for 2 hours 
from the addition of xylene diisocyanate had an weight 
average molecular weight of 1 84,000. 

Example 5 

The same procedures as described in Example 1 
were carried out except that o-dichlorobenzene was 
replaced by 325 g of n-butyl benzoate and the reaction 
immediately before the addition of xylene diisocyanate 
was carried out at 140°C under reduced pressure of 25 
mmHg. The weight average molecular weight immedi- 
ately before the addition of xylene diisocyanate was 
65.000. The polymer isolated after reacting for 2 hours 
from the addition of xylene diisocyanate had an weight 
average molecular weight of 169,000. 



30 Example 6 



The same procedures as described in Example 1 
were carried out except that o-dichlorobenzene was 
replaced by 325 g of cyclohexyl ketone and the reaction 
immediately before the addition of xylene diisocyanate 
was carried out at 1 40 °C under reduced pressure of 10 
mmHg. The weight average molecular weight immedi- 
ately before the addition of xylene diisocyanate was 
68,000. The polymer isolated after reacting for 2 hours 
from the addition of xylene diisocyanate had an weight 
average molecular weight of 173,000. 
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Example 7 

The same procedures as described in Example 1 
were carried out except that xylene diisocyanate was 
replaced by 0.75 g of 2,4-tolylene diisocyanate. The 
weight average molecular weight immediately before the 
addition of 2,4-tolylene diisocyanate was 80,000, and the 
polymer isolated after reacting for 2 hours from the addi- 
tion of 2,4-tolylene diisocyanate had an weight average 
molecular weight of 226,000. 

Example 8 

TTie same procedures as described in Example 1 
were carried out except that the reaction time before the 
addition of xylene diisocyanate was 20 hours and 0.375 
g of xylene diisocyanate was added. The weight average 
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molecular weight immediately before the addition of 
xylene diisocyanate was 150,000, and the polymer iso- 
lated after reacting for 2 hours from the addition of xylene 
diisocyanate had an weight average molecular weight of 
305,000. 

Example 9 

The same procedures as described in Example 1 
were carried out except that the reaction time before the 
addition of xylene diisocyanate was 18 hours and the 
added amount of xylene diisocyanate was 0.53 g. The 
weight average molecular weight immediately before the 
addition of xylene diisocyanate was 120,000, and the 
polymer isolated after reacting for 2 hours from the addi- 
tion of xylene diisocyanate had an weight average 
molecular weight of 237.000. 

Example 10 

The same procedures as described in Example 1 
were carried out except that the reaction time before the 
addition of xylene diisocyanate was 15 hours and the 
added amount of xylene diisocyanate was 0.6 g. The 
weight average molecular weight immediately before the 
addition of xylene diisocyanate was 100,000, and the 
polymer isolated after reacting for 2 hours from the addi- 
tion of xylene diisocyanate had an weight average 
molecular weight of 196,000. 

Example 1 1 

The same procedures as described in Example 1 
were carried out except that the reaction time before the 
addition of xylene diisocyanate was 8 hours and the 
added amount of xylene diisocyanate was 2.25 g. The 
weight average molecular weight immediately before the 
addition of xylene diisocyanate was 50,000, and the pol- 
ymer isolated after reacting for 2 hours from the addition 
of xylene diisocyanate had an weight average molecular 
weight of 150,000. 

Example 12 

The same procedures as described in Example 1 
were carried out except that the added amount of xylene 
diisocyanate was 1.5 g. The weight average molecular 
weight immediately before the addition of xylene diiso- 
cyanate was 80,000, and the polymer isolated after 
reacting for 2 hours from the addition of xylene diisocy- 
anate had an weight average molecular weight of 
153,000. 

Example 13 

The same procedures as described in Example 1 
were carried out except that the added amount of xylene 
diisocyanate was 2.25 g. The weight average molecular 
weight immediately before the addition of xylene diiso- 



cyanate was 80,000, and the polymer isolated after 
reacting for 2 hours from the addition of xylene diisocy- 
anate had an weight average molecular weight of 
104,000. 

5 

Example 14 

The same procedures as described in Example 1 
were carried out except that L-lactic acid was replaced 

10 by 81 g of 70 % glycolic acid. The weight average molec- 
ular weight immediately before the addition of xylene 
diisocyanate was 68,000, and the polymer isolated after 
reacting for 2 hours from the addition of xylene diisocy- 
anate had an weight average molecular weight of 

15 185,000. 

Example 15 

The same procedures as described in Example 1 
so were carried out except that L-lactic acid was replaced 
by 75 g of 90 % DL-lactic acid. The weight average 
molecular weight immediately before the addition of 
xylene diisocyanate was 70,000, and the polymer iso- 
lated after reacting for 2 hours from the addition of xylene 
25 diisocyanate had an weight average molecular weight of 
206.000. 

Example 16 

30 The same procedures as described in Example 1 
were carried out except that L-lactic acid was replaced 
by 67.5 g of 90 % L-lactic acid and 8. 1 g of 70 % glycolic 
acid. The weight average molecular weight immediately 
before the addition of xylene diisocyanate was 78,000, 

35 and the polymer isolated after reacting for 2 hours from 
the addition of xylene diisocyanate had an weight aver- 
age molecular weight of 198,000. 

Example 17 

40 

After heating 75.0 g of 90 % L-lactic acid at 150°C 
with stirring for 3 hours under reduced pressure of 50 
mmHg while removing water out of the reaction system, 
325 g of diphenyl ether and 0.4 g of tin powder was 

45 added. A tube packed with 75 g of molecular sieve 3A 
was mounted on the reaction vessel so as to return the 
distilled solvent to the reaction system, after passing 
through the molecular sieve. The reaction condition were 
set at 130°C under reduced pressure of 15 mmHg and 

so the reaction was carried out. 

After reacting for 10 hours, a sample was taken out 
and a molecular weight was measured to give an weight 
average molecular weight of 50,000. To the reaction 
mass, 0.7 g of pyromellitic dianhydride was added and 

55 the reaction was continued in a nitrogen atmosphere at 
130°C under atmospheric pressure. The viscosity of the 
reaction mass was rapidly increased and the reaction 
was finished after 2 hours from the addition of pyromel- 
litic dianhydride. 
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The reaction mass was dissolved in 400 ml of chlo- 
roform, and suction filtered to remove tin powder. To the 
chloroform solution. 1,400 ml of methanol was added, 
the precipitated light yellow solid was filtered and dried 
to obtain polymer having an weight average molecular 
weight of 300,000. 

Example 18 

The same procedures as described in Example 17 
were carried out except that pyromellitic dianhydride was 
replaced by 0.75 g of S.S'A^-benzophenonetetracar- 
boxylic dianhydride. The weight average molecular 
weight immediately before the addition of 3,3',4,4*-ben- 
zophenpnetetracarboxylic dianhydride was 50,000, and 
the polymer isolated after reacting for 2 hours from the 
addition of 3,3',4,4*-benzophenonetetracarboxylic dian- 
hydride had an weight average molecular weight of 
250,000. 

Example 19 



added. A tube packed with 75 g of molecular sieve 3A 
was mounted on the reaction vessel so as to return the 
distilled solvent to the reaction system, after passing 
through the molecular sieve. The reaction condition were 

5 set at 130 °C under reduced pressure of 15 mmHg and 
the reaction was carried out. 

After reacting for 10 hours, a sample was taken out 
and a molecular weight was measured to give an weight 
average molecular weight of 50,000. To the reaction 

w mass, 0.75 g of 2,2'-bis[5(4H)-oxazolone] was added 
. and the reaction was continued in a nitrogen atmosphere 
at 130°C under atmospheric pressure. The viscosity of 
the reaction mass was rapidly increased and the reaction 
was finished after 2 hours from the addition of 2,2'- 

15 bis[5(4H)-oxazolone]. 

The reaction mass was dissolved in 400 ml of chlo- 
roform, and suction filtered to remove tin powder. To the 
chloroform solution, 400 ml of methanol was added, the 
precipitated light yellow solid was filtered and dried to 

20 obtain polymer having an weight average molecular 
weight of 200,000. 



The same procedures as described in Example 17 
were carried out except that L-lactic acid was replaced 
by 81 g of 70 % glycolic acid. The weight average molec- 25 
ular weight immediately before the addition of pyromel- 
litic dianhydride was 51.000, and the polymer isolated 
after reacting for 2 hours from the addition of pyromellitic 
dianhydride had an weight average molecular weight of 
270,000. ' : 30 

Example 20 



Example 23 

The same procedures as described in Example 22 
were carried out except that 2,2'-bis[5(4H)-oxazoione] 
was replaced by 0.75 g of 2.2'-bis(3,1-benzoxazine-4- 
one). The weight average molecular weight immediately 
before the addition of 2,2*-bis(3,1-benzoxazine-4-one) 
was 50,000, and the polymer isolated after reacting for 
2 hours from the addition of 2,2 , -bis(3, 1 -benzoxazine-4- 
one) had an weight average molecular weight of 
230.000. 



The same procedures as described in Example 17 
were carried out except that L-lactic acid was replaced 35 Example 24 
by 75 g of 90 % DL-lactic acid. The weight average 
molecular weight immediately before the addition of 
pyromellitic dianhydride was 54,000, and the polymer 
isolated after reacting for 2 hours from the addition of 
pyromellitic dianhydride had an weight average molecu- 40 
lar weight of 295,000. 



Example 21 

The same procedures as described in Example 17 45 
were carried out except that the reaction time before the 
addition of pyromellitic dianhydride was 15 hours. The 
weight average molecular weight immediately before the 
addition of pyromellitic dianhydride was 1 00,000, and the 
polymer isolated after reacting for 2 hours from the addi- so 
tion of pyromellitic dianhydride had an weight average 
molecular weight of 320,000. 



Example 22 

After heating 75.0 g of 90 % L-lactic acid at 150°C 
with stirring for 3 hours under reduced pressure of 50 
mmHg while removing water out of the reaction system, 
325 g of diphenyl ether and 0.4 g of tin powder was 



55 



The same procedures as described in Example 22 
were carried out except that 2,2'-bis[5(4H)-oxazolone] 
was replaced by 0.75 g of 2,8-dimethyl-4H,6H- 
benzo[1 ,2Kj:5,4-dlbis-[1 ,3]-oxazine-4,6-dione. The 
weight average molecular weight immediately before the 
addition of 2,8-dimethyl-4H,6H-benzo[1,2-d:5,4-dlbis- 
[1 ,3]-oxazine-4,6-dione was 50,000, and the polymer 
isolated after reacting for 2 hours from the addition of 
2,8-dimethyl-4H,6H-benzo[1 ,2-d:5,4-dlbis-[1 ,3]- 
oxazine-4,6-dione had an weight average molecular 
weight of 220,000. 

Example 25 

The same procedures as described in Example 22 
were carried out except that 2,2'-bis[5(4H)-oxazolone] 
was replaced by 0.75 g of 2,2'-bis(2-oxazoline). The 
weight average molecular weight immediately before the 
addition of 2,2'-bis(2-oxazoline) was 50,000. and the pol- 
ymer isolated after reacting for 2 hours from the addition 
of 2,2'-bis(2-oxazoline) had an weight average molecular 
weight of 230,000. 
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Example 26 

The same procedures as described in Example 22 
were carried out except that 2,2 t -bis[5(4H)-oxazolone] 
was replaced by 0.75 g of 2,2'-bis(5,6-dihydro-4H-1,3- 
oxazine). The weight average molecular weight immedi- 
ately before the addition of 2,2'-bis(5,6-dihydro-4H-1,3- 
oxazine) was 50,000, and the polymer isolated after 
reacting for 2 hours from the addition of 2,2'-bis(5,6-dihy- 
dro-4H-1,3-oxazine) had an weight average molecular 
weight of 240,000. 

Example 27 

The same procedures as described in Example 22 
were carried out except that 0.75 g of 2,2*-bis[5(4H)-oxa- 
zolone] was replaced by a conbination of 1 .5 g of 2,2*- 
bis[5(4H)-oxazolone) and 0.75 g of N, N'-terephthalylbis- 
caprolactam. The weight average molecular weight 
immediately before the addition of 2,2'-bis[5(4H)-oxa- 
zolone) and N.NMerephthalylbiscaprolactam were 
50,000, and the polymer isolated after reacting for 2 
hours from the addition of 2,2'-bis[5(4H)-oxazolone) and 
N.NMerephthaiylbiscaprolactam had an weight average 
molecular weight of 280.000. 

Example 28 

The same procedures as described in Example 22 
were carried out except thafcL-lactic acid was replaced 
by 81 g of 70 % glycolic acid. The weight average molec- 
ular weight immediately before the addition of 2,2'- 
bis[5(4H)-oxazolone] was 51,000, and the polymer iso- 
lated after reacting for 2 hours from the addition of 2,2'- 
bis[5(4H)-oxazolone] had an weight average molecular 
weight of 250,000. 

Example 29 

The same procedures as described in Example 22 
were carried out except that L-lactic acid was replaced 
by 75 g of 90 % DL-lactic acid. The weight average 
molecular weight immediately before the addition of 2,2*- 
bis[5(4H)-oxazolone] was 54,000 and the polymer iso- 
lated after reacting for 2 hours from the addition of 2,2'- 
bis[5(4H)-oxazolone] had an weight average molecular 
weight of 250,000. 

Example 30 

The same procedures as described in Example 22 
were carried out except that the reaction time before the 
addition of 2,2'-bis[5(4H)-oxazolone] was 15 hours. The 
weight average molecular weight immediately before the 
addition of 2,2'-bis[5(4H)-oxazolone] was 100,000 and 
the polymer isolated after reacting for 2 hours from the 
addition of 2,2'-bis[5(4H)-oxazolone] had an weight aver- 
age molecular weight of 290,000. 



Example 31 

After heating 75.0 g of 90 % L-lactic acid at 150°C 
with stirring for 3 hours under reduced pressure of 50 

5 mmHg while removing water out of the reaction system, 
325 g of diphenyl ether and 0.4 g of tin powder was 
added. A tube packed with 75 g of molecular sieve 3A 
was mounted on the reaction vessel so as to return the 
distilled solvent to the reaction system after passing 

io through the molecular sieve. The reaction condition were 
set at 130°C under reduced pressure of 15 mmHg and 
the reaction was carried out. 

After reacting for 10 hours, a sample was taken out 
and a molecular weight was measured to give an weight 

is average molecular weight of 50,000. To the reaction 
mess, 0.75 g of p-hydroxybenzoic acid was added and 
the reaction was continued at 130°C under reduced 
pressure of 15 mmHg. 

The viscosity of the reaction mass was rapidly 

20 increased and the reaction was finished after 2 hours 
from the addition of p-hydroxybenzoic acid. 

The reaction mass was dissolved in 400 ml of chlo- 
roform, and suction filtered to remove tin powder. To the 
chloroform solution, 1,400 ml of methanol was added. 

25 The precipitated light yellow solid was filtered and dried 
to obtain polymer having an weight average molecular 
weight of 250,000. 



The same procedures as described in Example 31 
were carried out except that p-hydroxybenzoic acid was 
replaced by 0. 75 g of o-hydroxybenzoic acid. The weight 
average molecular weight immediately before the addi- 
tion of ohydroxybenzoic acid was 50,000 and the poly- 
mer isolated after reacting for 2 hours from the addition 
of o-hydroxybenzoic acid had an weight average molec- 
ular weight of 210,000. 



The same procedure as described in Example 31 
were carried out except that L-lactic acid was replaced 
by 81 g of 70 % glycolic acid. The weight average molec- 
ular weight immediately before the addition of p-hydroxy- 
benzoic acid was 51,000 and the polymer isolated after 
reacting for 2 hours from the addition of p-hydroxyben- 
zoic acid had an weight average molecular weight of 
245,000. 

Example 34 

The same procedures as described in Example 31 
were carried out except that L-lactic acid was replaced 
by 75 g of 90 % DL-lactic acid. THe weight average 
molecular weight immediately before the addition of p- 
hydroxybenzoic acid was 54,000 and the polymer iso- 
lated after reacting for 2 hours from the addition of p- 



Example 32 

30 
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hydroxybenzoic acid had an weight average molecular 
weight of 265,000. 

Example 35 

5 

The same procedures as described in Example 31 
were carried out except that the reaction time before the 
addition of p-hydroxybenzoic was 15 hours. The weight 
average molecular weight immediately before the addi- 
tion of p-hydroxybenzoic acid was 1 00,000 and the pol- 10 
ymer isolated after reacting for 2 hours from the addition 
of p-hydroxybenzoic acid had an weight average molec- 
ular weight of 290,000. 

Example 36 75 

The same procedures as described in Example 31 
were carried out except that the reaction time before the 
addition of p-hydroxybenzoic acid was 5 hours and 1.5 
g of p-hydroxybenzoic acid was used. The weight aver- 20 
age molecular weight immediately before the addition of 
p-hydroxybenzoic acid was 24,000 and the polymer iso- 
lated after reacting for 2 hours from the addition of p- 
hydroxybenzoic acid had an weight average molecular 
weight of 150,000. 25 

Example 37 

After heating 75.0 g of 90 % L-lactic acid at 150°C 
with stirring for 3 hours under reduced pressure of 50 30 
mmHg while removing water out of the reaction system, 
325 g of diphenyl ether and 0.4 g of tin powder was 
added. A tube packed with 75 g of molecular sieve 3A 
was mounted on the reaction vessel so as to return the 
distilled solvent to the reaction system after passing 35 
through the molecular sieve. The conditions were set at 
130°C under reduced pressure of 15 mmHg and the 
reaction was carried out. After reacting for 10 hours, a 
sample was taken out and a molecular weight was meas- 
ured to give an weight average molecular weight of 40 
50,000. To the reaction mass, 0.75 g of 1 ,4-diaminoben- 
zene was added and the reaction was continued at 130 
°C under atmospheric pressure in a nitrogen atmos- 
phere. The viscosity of the reaction mass rapidly 
increased and the reaction was finished after 2 hours 45 
from the addition of 1 ,4-diaminobenzene. 

The reaction mass was dissolved in 400 ml of chlo- 
roform, and suction filtered to remove tin powder. To the 
chloroform solution 1 ,400 ml of methanol was added. 
The precipitated light yellow solid was filtered and dried so 
to obtain polymer having an weight average molecular 
weight of 270,000. 

Example 38 

55 

The same procedures as described in Example 37 
were carried out except that 1 ,4-diaminobenzene was 
replaced by 0.75 g of 1,2-diaminoethane. The weight 
average molecular weight immediately before the addi- 



tion of 1,2-diaminoethane was 50,000 and the polymer 
isolated after reacting for 2 hours from the addition of 
1,2-diaminoethane had an weight average molecular 
weight of 220,000. 

Example 39 

The same procedures as described in Example 37 
were carried out except that L-lactic acid was replaced 
by 81 g of 70 % glycolic acid. The weight average molec- 
ular weight immediately before the addition of 1 ,4-diami- 
nobenzehe was 51 ,000 and the polymer isolated after 
reacting for 2 hours from the addition of 1 ,4-diaminoben- 
zene had an weight average molecular weight of 
240,000. 

Example 40 

The same procedures as described in Example 37 
were carried out except that L-lactic acid was replaced 
by 75 g of 90 % DL-lactic acid. The weight average 
molecular weight immediately before the addition of 1 ,4- 
diaminobenzene was 54,000 and the polymer isolated 
after reacting for 2 hours from the addition of 1 ,4-diami- 
nobenzene had an weight average molecular weight of 
260,000. 

Example 41 

The same procedures as described in Example 37 
were carried out except that the reaction time before the 
addition of 1 ,4-diaminobenzene was 15 hours. The 
weight average molecular weight immediately before the 
addition of 1 ,4-diaminobenzene was 100,000 and the 
polymer isolated after reacting for 2 hours from the addi- 
tion of 1 ,4-diaminobenzene had an weight average 
molecular weight of 300,000. 

Example 42 

The same procedures as described in Example 37 
were carried out except that 1 ,4-diaminobenzene was 
replaced by 0.75 g of mel amine. The weight average 
molecular weight immediately before the addition of 
melamine was 50,000 and the polymer isolated after 
reacting for 2 hours from the addition of melamine had 
an weight average molecular weight of 260,000. 

Example 43 

The same procedures as described in Example 37 
were carried out except that 1 ,4-diarninobensene was 
replaced by 0.75 g of 1 ,3,5-triaminobenzene. The weight 
average molecular weight immediately before the addi- 
tion of 1,3.5-triaminobenzene was 50.000 and the poly- 
mer isolated after reacting for 2 hours from the addition 
of 1 ,3,5-triaminobenzene had an weight average molec- 
ular weight of 215,000. 
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Example 44 

After heating 75.0 g of 90 % L-lactic acid at 150°C 
with stirring for 3 hours under reduced pressure of 50 
mmHg while removing water out of the reaction system, 
325 g of diphenyl ether and 0.4 g of tin powder was 
added. A tube packed with 75 g of molecular sieve 3A 
was mounted on the reaction vessel so as to return the 
distilled solvent to the reaction system after passing 
through the molecular sieve. The reactions were set at 
130°C under reduced pressure of 15 mmHg and the 
reaction was carried out 

After reacting for 10 hours, a sample was taken out 
and a molecular weight was measured to give an weight 
average molecular weight of 50,000. To the reaction 
mass. 0.75 g of maleic anhydride was added and the 
reaction was continued at 130°C under atmospheric 
pressure in a nitrogen atmosphere. After reacting for 2 
hours, 0.75 g of 1 ,4-diaminobensene was further added 
to the reaction mass and the reaction was continued at 
1 30°C under atmospheric pressure in a nitrogen atmos- 
phere. The viscosity of the reaction mass was rapidly 
increased and the reaction was finished after 2 hours 
from the addition of 1.4-diaminobenzene. 

After finishing the reaction, the reaction mass was 
dissolved by adding 400 ml of chloroform and suction fil- 
tered to remove tin powder. To the chloroform solution 
thus obtained. 1 ,400 ml of methanol was added and the 
precipitated light yellow solid was filtered and dried. The 
polymer obtained had an weight average molecular 
weight of 310,000. 

Example 45 

The same procedures as described in Example 44 
were carried out except that 1 ,4-diaminobenzene was 
replaced by 0.75 g of 1 ,2-diaminoethane. The weight 
average molecular weight immediately before the addi- 
tion of maleic anhydride was 50,000. 

The polymer isolated after finishing the reaction had 
an weight average molecular weight of 290,000. 

Example 46 

The same procedures as described in Example 44 
were carried out except that 1 ,4-diaminobenzene was 
replaced by 0.75 g of melamine. The weight average 
molecular weight immediately before the addition of 
maleic anhydride was 50,000. 

The polymer isolated after finishing the reaction had 
an weight average molecular weight of 245,000. 

Example 47 

The same procedures as described in Example 44 
were carried out except that 1 ,4-diaminobenzene was 
replaced by 0.75 g of 1 ,3,5-triaminobenzene. The weight 
average molecular weight immediately before the addi- 
tion of maleic anhydride was 50,000. 



The polymer isolated after finishing the reaction had 
an weight average molecular weight of 235,000. 

Example 48 

5 

The same procedures as described in Example 44 
were carried out except that 1 ,4-diaminobenzene was 
replaced by 0.75 g of 1,2,4,5-tetraaminobenzene. The 
weight average molecular weight immediately before the 
10 addition of maleic anhydride was 50,000. 

The polymer isolated after finishing the reaction had 
an weight average molecular weight of 200,000. 

Example 49 

15 

The same procedures as described in Example 44 
were carried out except that L-lactic acid was replaced 
by 81 g of 70 % glycolic acid. The weight average molec- 
ular weight immediately before the addition of maleic 
20 anhydride was 51 ,000. 

The polymer isolated after finishing the reaction had 
an weight average molecular weight of 255,000. 

Example 50 

25 

The same procedures as described in Example 44 
were carried out except that L-lactic acid was replaced 
by 75 g of 90 % DL-lactic acid. The weight average 
molecular weight immediately before the addition of 
30 maleic anhydride was 54,000. 

The polymer isolated after finishing the reaction had 
an weight average molecular weight of 255,000. 

Example 51 

35 

The same procedures as described in Example 44 
were carried out except that the reaction time before the 
addition of maleic anhydride was 15 hours. The weight 
average molecular weight immediately before the addi- 
40 tion of maleic anhydride was 1 00,000. The polymer iso- 
lated after finishing the reaction had an weight average 
molecular weight of 320,000. 

Example 52 

45 

After heating 75.0 g of 90 % L-lactic acid at 150°C 
with stirring for 3 hours under reduced pressure of 50 
mmHg while removing water out of the reaction system, 
325 g of diphenyl ether and 0.4 g of tin powder was 

so added. A tube packed with 75 g of molecular sieve 3A 
was mounted on the reaction vessel so as to return the 
distilled solvent to the reaction system after passing 
through the molecular sieve. The reaction conditions 
were set at 130°C under reduced pressure of 15 mmHg 

55 and the reaction was carried out. 

After reacting for 1 0 hours, a sample was taken out 
and a molecular weight was measured to give an weight 
average molecular weight of 50,000. To the reaction 
mass, 0.2 g of 1 ,4-butanediol was added and the reaction 
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was continued at 130°C under reduced pressure of 15 
mmHg. 

The viscosity of the reaction mass was rapidly 
increased and the reaction was finished after 2 hours 
from the addition of 1 ,4-butanediol. 

The reaction mass was dissolved in 400 ml of chlo- 
roform, and suction filtered to remove tin powder. To the 
chloroform solution, 1 ,400 ml of methanol was added. 
The precipitated white solid was filtered and dried to 
obtain polymer haying an weight average molecular 
weight of 167,000. 

Example 53 

The same procedures as described in Example 52 
were carried out except that 1 ,4-butanediol was replaced 
by 0. 1 g of pentaerythritol. The weight average molecular 
weight immediately before the addition of pentaerythritol 
was 50,000. 

The polymer isolated after reacting for 2 hours from 
the addition of pentaerythritol had an weight average 
molecular weight of 198,000. 

Example 54 

The same procedures as described in Example 52 
were carried put except that L-lactic acid was replaced 
by 81 g of 70 % glycolic acid. The weight average molec- 
ular weight immediately before the addition of 1,4- 
butanediol was 51 ,000. '* 

The polymer isolated after reacting for 2 hours from 
the addition of 1 ,4-butanediol had an weight average 
molecular weight of 127,000. 

Example 55 

The same procedures as described in Example 52 
were carried out except that L-lactic acid was replaced 
by 75 g of 90 % DL-lactic acid. The weight average 
molecular weight immediately before the addition of 1 ,4- 
butanediol was 50,000. 

The polymer isolated after reacting for 2 hours from 
the addition of 1 ,4-butanediol had an weight average 
molecular weight of 204,000. 

Example 56 

The same procedures as described in Example 52 
were carried out except that 1 ,4-butanediol was replaced 
by 0.75 g of ethyleneglycol diglycidyl ether. The weight 
average molecular weight immediately before the addi- 
tion of ethyleneglycol diglycidyl ether was 50,000. 

The polymer isolated after reacting for 2 hours from 
the addition of ethyleneglycol diglycidyl ether had an 
weight average molecular weight of 182,000. 



Example 57 

The same procedures as described in Example 52 
were carried out except that 1 ,4-butanediol was replaced 
5 by 0.75 g of diglycidyl terephthalate. The weight average 
molecular weight immediately before the addition of dig- 
lycidyl terephthalate was 52,000. 

The polymer isolated after reacting for 2 hours from 
the addition of diglycidyl terephthalate had an weight 
10 average molecular weight of 229,000. 



Example 58 

The same procedures as described in Example 52 
75 were carried out except that 1 ,4-butanediol was replaced 
by 0.4 g of 2,2-bishydroxymethylbutanol tris[3-(1-aziridi- 
nyl)propionate]. The weight average molecular weight 
immediately before the addition of 2,2-bishydroxymeth- 
ylbutanol tris[3-(1 -aziridinyl) propionate] was 50,000. 
20 The polymer isolated after reacting for 2 hours from 
the addition of 2,2-bishydroxymethylbutanol tris[3-(1- 
aziridinyl) propionate] had an weight average molecular 
weight of 176,000. 

25 Example 59 

The same procedures as described in Example 52 
were carried out except that 1 ,4-butanediol was replaced 
by 0.2 g of 2-pyrrolidone. The weight average molecular 
30 weight immediately before the addition of 2-pyrrolidone 
was 50,000. 

The polymer isolated after reacting for 2 hours from 
the addition of 2-pyrrolidone had an weight average 
molecular weight of 185,000. 

35 

Example 60 

The same procedures as described in Example 52 
were carried out except that 0.1 g of 1 ,4<lioxanone was 
40 used in place of 1 ,4-butanediol and reacted for 5 hours 
after the addition. The weight average molecular weight 
immediately before the addition of 1 ,4-dioxanone was 
50,000. 

The polymer isolated after reacting for 5 hours from 
45 the addition of 1 ,4-dioxanone had an weight average 
molecular weight of 169,000. 

Example 61 

so The same procedures as described in Example 52 
were carried out except that 1 ,4-butanediol was replaced 
by 0.1 g of ethyleneglycol bischloroformate. The weight 
average molecular weight immediately before the addi- 
tion of ethyleneglycol bischloroformate was 55,000. 

55 The polymer isolated after reacting for 2 hours from 
the addition of ethyleneglycol bischloroformate had an 
weight average molecular weight of 1 84,000. 
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Comparative Example 1 

After heating 75.0 g of 90 % L-lactic acid at 140°C 
with stirring for 3 hours under reduced pressure of 160 
mmHg while removing water out of the reaction system, 
heating was further continued with stirring at 220°C 
under reduced pressure of 10 mmHg. After reacting for 
20 hours, a sample was taken out and a molecular weight 
was measured to give an weight average molecular 
weight of 7,000. 

To the reaction mass, 0.75 g of xylene diisocyanate 
was added and the reaction was continued at 220°C in 
a nitrogen atmosphere. After the addition of xylene diiso- 
cyanate, sampling was time-dependently carried out and 
an weight average molecular weight was measured. The 
sample had an weight average molecular weight of 
1 6,000 after reacting for 2 hours and 1 7,000 after react- 
ing for 8 hours, respectively. It was assumed that the law 
molecular weight of polyhydroxycarboxylic acid before 
the addition of xylene diisocyanate led to remain many 
molecular chain ends and thus a great amount of gener- 
ated condensation water reacted with the isocyanate 
group to inhibit sufficient increase in the molecular 
weight 

Comparative Example 2 

The same procedures as described in Comparative 
Example 1 were carried out except that 2.25 g of xylene 
diisocyanate was used. 

The weight average molecular weight immediately 
before addition of xylene diisocyanate was 7,000. After 
the addition of xylene diisocyanate, sampling was time- 
dependently carried out and an weight average molecu- 
lar weight was measured. The sample had an weight 
average molecular weight of 20,000 after reacting for 2 
hours and 21 ,000 after reacting for 8 hours, respectively. 
It was assumed that the law molecular weight of polyhy- 
droxycarboxylic acid before the addition of xylene diiso- 
cyanate led to remain many molecular chain ends and 
thus a great amount of generated condensation water 
reacted with the isocyanate group to inhibit sufficient 
increase in the molecular weight. 

Comparative Example 3 

The same procedures as described in Comparative 
Example 1 were carried out except that 3.75 g of xylene 
diisocyanate was used. 

The weight average molecular weight immediately 
before addition of xylene diisocyanate was 7,000. After 
the addition of xylene diisocyanate, sampling was time- 
dependently carried out and an weight average molecu- 
lar weight was measured. The sample had an weight 
average molecular weight of 22,000 after reacting for 2 
hours and 23,000 after reacting for 8 hours, respectively. 
It was assumed that the law molecular weight of polyhy- 
droxycarboxylic acid before the addition of xylene diiso- 
cyanate led to remain many molecular chain ends and 



thus a great amount of generated condensation water 
reacted with the isocyanate group to inhibit sufficient 
increase in the molecular weight. 

s Comparative Example 4 

The same procedures as described in Comparative 
Example 1 were carried out except that L-lactic acid was 
replaced by 81 g of 70 % glycolic acid. 

10 The weight average molecular weight immediately 
before addition of xylene diisocyanate was 6,000. After 
the addition of xylene diisocyanate, sampling was time- 
dependently carried out and an weight average molecu- 
lar weight was measured. The sample had an weight 

75 average molecular weight of 19,000 after reacting for 2 
hours and 19,000 after reacting for 8 hours, respectively. 
It was assumed that the law molecular weight of polyhy- 
droxycarboxylic acid before the addition of xylene diiso- 
cyanate led to remain many molecular chain ends and 

20 thus a great amount of generated condensation water 
reacted with the isocyanate group to inhibit sufficient 
increase in the molecular weight. 

Comparative Example 5 

25 

The same procedures as described in Comparative 
Example 1 were carried out except that L-lactic acid was 
replaced by 75 g of 90 % DL-lactic acid. 

The weight average molecular weight immediately 

30 before addition of xylene diisocyanate was 7,000. After 
the addition of xylene diisocyanate, sampling was time- 
dependently carried out and an weight average molecu- 
lar weight was measured. The sample had an weight 
average molecular weight of 18,000 after reacting for 2 

35 hours and 1 9,000 after reacting for 8 hours, respectively. 
It was assumed that the law molecular weight of polyhy- 
droxycarboxylic acid before the addition of xylene diiso- 
cyanate led to remain many molecular chain ends and 
thus a great amount of generated condensation water 

40 reacted with the isocyanate group to inhibit sufficient 
increase in the molecular weight. 

Comparative Example 6 

45 The same procedures as described in Comparative 
Example 1 were carried out except that L-lactic acid was 
replaced by 67.5 g of 90 % L-lactic acid and 8.1 g of 70% 
glycolic acid. 

The weight average molecular weight immediately 
so before addition of xylene diisocyanate was 7,000. After 
the addition of xylene diisocyanate, sampling was time- 
dependently carried out and an weight average molecu- 
lar weight was measured. The sample had an weight 
average molecular weight of 21,000 after reacting for 2 
55 hours and 22.000 after reacting for 8 hours, respectively. 
It was assumed that the law molecular weight of polyhy- 
droxycarboxylic acid before the addition of xylene diiso- 
cyanate led to remain many molecular chain ends and 
thus a great amount of generated condensation water 
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reacted with the isocyanate group to inhibit sufficient 
increase in the molecular weight. 

Comparative Example 7 

After heating 75.0 g of 90 % L-lactic acid at 140°C 
with stirring for 3 hours under reduced pressure of 160 
mmHg while removing water out of the reaction system 
as carried out in Example 1 , 325 g of o-dichlorobenzene 
and 0.4 g of tin powder was added. A tube packed with 
75 g of molecular sieve 3A was mounted on the reaction 
vessel so as to return the distilled solvent to the reaction 
system after passing through the molecular sieve. The 
reaction conditions were set at 130°C under reduced 
pressure of 15 mmHg and the reaction was carried out. 

Sampling was time-dependently carried out and the 
reaction between the reaction time and molecular weight 
was examined. 

The weight average molecular weight was 50,000 
after reacting for 8 hours, 100,000 after reacting for 15 
hours, 150,000 after reacting for 20 hours, and 250.000 
after reacting for 30 hours, respectively. It was seen that 
a long reaction time was required in order to obtain a 
high molecular weight polymer as compared with Exam- 
ple 1. 

Comparative Example 8 

The same procedures as described in Comparative 
Example 7 except that §0 % L-lactic acid was replaced 
by 81 g of 70 % glycolic acid. 

Sampling was time-dependently carried out and the 
reaction between the reaction time and molecular weight 
was examined. 

The weight average molecular weight was 49,000 
after reacting for 8 hours, 89,000 after reacting for 15 
hours, 135,000 after reacting for 20 hours, and 210.000 
after reacting for 30 hours, respectively. It was seen that 
a long reaction time was required in order to obtain a 
high molecular weight polymer as compared with Exam- 
ple 14. 

Comparative Example 9 

The same procedures as described in Comparative 
Example 7 except that 90 % L-lactic acid was replaced 
by 75 g of 90 % DL-lactic acid. 

Sampling was time-dependently carried out and the 
reaction between the reaction time and molecular weight 
was examined. 

The weight average molecular weight was 49,000 
after reacting for 8 hours, 98,000 after reacting for 15 
hours, 144,000 after reacting for 20 hours, and 260,000 
after reacting for 30 hours, respectively. It was seen that 
a long reaction time was required in order to obtain a 
high molecular weight polymer as compared with Exam- 
ple 15. - 



Comparative Example 10 

The same procedures as described in Comparative 
Example 7 except that 90 % L-lactic acid was replaced 

5 by a mixture of 67.5 g of 90 % L-lactic acid and 8.1 g of 
70 % of glycolic acid. 

Sampling was time-dependently carried out and the 
reaction between the reaction time and molecular weight 
was examined. 

10 The weight average molecular weight was 51.000 
after reacting for 8 hours, 85,000 after reacting for 15 
hours, 126,000 after reacting for 20 hours, and 235,000 
after reacting for 30 hours, respectively. It was seen that 
a long reaction time was required in order to obtain a 

15 high molecular weight polymer as compared with Exam- 
ple 16. 
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A process for preparing a polyhydroxycarboxylic 
acid comprising conducting the dehydration poly- 
condensation of a hydroxycarboxylic acid or an oli- 
gomer of the same in a reaction mixture containing 
said hydroxycarboxylic acid or the oligomer thereof 
and an organic solvent substantially in the absence 
of water to produce a polyhydroxycarboxylic acid 
having a weight average molecular weight of 50,000 
or more, successively mixing and reacting the reac- 
tion mixture containing said polyhydroxycarboxylic 
acid with at least one linking reagent selected from 
the group consisting of (1) polyisocyanate com- 
pounds, (2) polybasic acid anhydrides, (3) cyclic 
imino esters, (4) cyclic imino ethers, (5) aromatic 
hydroxycarboxylic acids, (6) polyamino compounds. 
(7) polyhydric alcohols, (8) epoxy compounds. (9) 
polyfunctions aziridine compounds, (10) lactames, 
(11) lactones, and (12) diethylene glycol bischloro- 
formates to obtain a polyhydroxycarboxylic acid hav- 
ing a weight average molecular weight of 100,000 or 
more. 



2. A process according to claim 1 wherein at least a 
portion of the organic solvent is removed from the 
reaction mixture and an additional organic solvent 

45 having a water content less than or equal to that of 
the organic solvent to be removed is charged to said 
reaction mixture. 

3. A process according to claim 2 wherein the organic 
so solvent removed from the reaction mixture is brought 

into contact with a drying agent to reduce the water 
content and is returned to the reaction mixture as 
the additional organic solvent. 

55 4. A process according to claim 3 wherein the drying 
agent is a molecular sieve. 



19 



BNSDOCID: <EP 0710684A2J_> 



37 EP 0 710 684 A2 

5. A process according to claim 2 wherein the organic 
solvent which is additionally charged to the reaction 
mixture has a water content of 50 ppm or less. 

6. A process according to any of the claims 1 to 5, 5 
wherein the organic solvent is at least one solvent 
selected from the group consisting of a hydrocarbon 
type compound, halogenated hydrocaibon type 
compound ether type compound, ester type com- 
pound and ketone type compound. 10 

7. A process according to any of the claims 2 to 6, 
wherein the dehydration polycondensation is carried 
out in the presence of a metal or a compound thereof 
selected from the group of Sn, Ti and Ni, as a cata- is 
lyst 

8. A process according to anyone of claim 1 to claim 7 
wherein hydroxycarboxylic acid is lactic acid or a 
mixture of lactic acid and other hydroxycarboxylic 20 
acid. 
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(57) The invention relates to a process for preparing 
a polyhydroxycarboxylic acid comprising conducting the 
dehydration polycondensation of a hydroxy caiboxy lie 
acid or an oligomer of the same in a reaction mixture con- 
taining said hydroxycarboxylic acid or the oligomer 
thereof and an organic solvent substantially in the 
absence of water to produce a polyhydroxycarboxylic 
acid having a weight average molecular weight of 50,000 
or more, successively mixing and reacting the reaction 
mixture containing said polyhydroxycarboxylic acid with 
at least one linking reagent selected from the group con- 
sisting of (1) polyisocyanate compounds, (2) polybasic 
acid anhydrides, (3) cyclic imino esters, (4) cyclic imino 
ethers, (5) aromatic hydroxycarboxylic acids, (6) 
polyamino compounds, (7) polyhydric alcohols, (8) 
epoxy compounds, (9) polyfunctional aziridine com- 
pounds, (10) lactames, (11) lactones, and (12) diethyl- 
ene glycol bischloroformates to obtain a 
polyhydroxycarboxylic acid having a weight average 
molecular weight of 100,000 or more. The polyhydroxy- 
carboxylic acid obtained by the process of the invention 
has a weight average molecular weight of 100,000 or 
more and satisfactory mechanical strength in the form of 
molded articles and is useful as a degradable polymer 



for substituting medical materials and general purpose 
resins. 
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